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Do It Often, Do It Better: Association Between Pairs 
of Experienced Subspecialty Anesthesia Caregivers 
and Postoperative Outcomes. A Retrospective 
Observational Study
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BACKGROUND: Anesthesiologists typically care for patients having a broad range of proce-
dures. Outcomes might be improved when care is provided by caregivers experienced in par-
ticular types of surgery. We tested the hypothesis that intraoperative care provided by pairs of 
anesthesia caregivers having significant experience with a particular type of surgery reduces a 
composite of in-hospital death and 6 serious complications, including bleeding, cardiac, gastro-
intestinal, infectious, respiratory, and urinary complications, compared to care provided by pairs 
of anesthesia caregivers with less experience.
METHODS: We included patients having surgery lasting at least 30 minutes. Using cluster 
analysis, attending anesthesiologists, and Certified Registered Nurse Anesthetists (CRNAs) 
were identified as experienced or inexperienced caregivers for each type of surgery at the case 
level. We then compared surgeries for which anesthesia was provided by a pair of experienced 
caregivers versus a pair of inexperienced caregivers on our composite outcome. We estimated 
the average relative effect (ie, the exponentiated average log odds ratio) of receiving anesthe-
sia from an experienced versus inexperienced caregiver pair across the 7 components of the 
composite outcome using a generalized estimating equation (GEE) model to adjust for between-
component correlation and with inverse propensity score weighing to adjust for potential con-
founding from a host of variables.
RESULTS: A total of 8968 patients who received anesthesia care by an experienced pair were 
compared with 25,361 patients who received care from an inexperienced pair, adjusting for 
potential confounding. The incidence of composite complications (ie, any component event) 
was 7.6% (677/8968) for experienced pairs and 12% (2976/25,361) for inexperienced pairs 
(P < .001). Care by experienced pairs of caregivers was associated with lower odds of the 
composite outcome with an estimated average relative effect odds ratio across the individual 
components of 0.61 (95% confidence interval [CI], 0.54-0.71), P < .001. Among the 7 compo-
nents of the primary outcome, experienced pairs of providers had significantly lower estimated 
odds of bleeding, infection, and mortality.
CONCLUSIONS: Anesthesia care by experienced pairs was associated with fewer bleed-
ing complications, fewer infections, shorter hospitalization, and reduced in-hospital mortal-
ity. (Anesth Analg 2021;132:866–77)

KEY POINTS
• Question: Do pairs of anesthesia providers with significant experience with particular types 

of surgery provide better care to surgical patients compared to pairs of anesthesia providers 
with less experience?

• Findings: Care by experienced pairs of caregivers was associated with lower odds of the 
composite outcome (eg, in-hospital mortality and complications, including bleeding, cardiac, 
gastrointestinal, infectious, respiratory, and urinary complications), with an estimated aver-
age relative effect odds ratio across the individual components of 0.61 (95% confidence 
interval [CI], 0.54-0.71), P < .001.

• Meaning: Anesthesia care by experienced pairs was associated with fewer bleeding compli-
cations, fewer infections, shorter hospitalization, and reduced in-hospital mortality. Surgical 
patients appear to benefit from specialized anesthesia caregivers.
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GLOSSARY
AHRQ = Agency for Health Research and Quality; AIDS = acquired immune defi-
ciency syndrome; ASA = American Society of Anesthesiologists; ASD = absolute stan-
dardized difference; CI = confidence interval; CRNA = Certified Registered Nurse 
Anesthetists; ENT = ear, nose and throat; GEE = generalized estimating equation; HR =  
hazard ratio; ICD = International Classification of Diseases; ICU = intensive care unit; IPTW =  
inverse probability of treatment weighting; OB = obstetrics; OR = odds ratio; PHDS = Perioperative 
Health Documentation System; STROBE = strengthening the reporting of observational studies 
in epidemiology

Because medical knowledge has become so 
broad and procedures so complex, physi-
cians often focus on specific areas, even within 

defined specialties. Trauma surgeons and neuroanes-
thesiologists are just 2 examples. The Accreditation 
Council for Graduate Medical Education accredits 
anesthesiology subspecialties, including cardiotho-
racic anesthesiology, critical care medicine, obstetric 
anesthesiology, pain medicine, and pediatric anes-
thesiology. Fellowships in liver transplantation, 
neuroanesthesiology, perioperative medicine, and 
out-of-operating-room anesthesia are not nationally 
accredited but are nonetheless offered at many teach-
ing centers.

“See one, do one (or maybe just simulate one), teach 
one” was the traditional approach to medical educa-
tion. Initial training, of course, provides fundamental 
understanding, but continuous application and prac-
tice enhance expertise. Fortunately, there is now wide 
recognition that supervised repetition is required to 
acquire proficiency and skill. Not specific to medi-
cine, Ericsson et al,1 for example, concluded that it 
takes 10,000 hours (ie, 20 hours per week for 10 years) 
of deliberate practice to become an expert in most 
anything. Consistent with this theory, Sadideen et al2 
reviewed available literature to determine whether 
surgical experts are “born or made” and concluded 
that surgical expertise is reached through continuous 
practice and training.

While surgeons often focus on specific areas or organ 
systems like thoracic surgery, abdominal surgery, 
neurosurgery, orthopedics, anesthesiologists, even 
those with subspecialty training, typically provide 
care for patients having a broad range of procedures. 

Furthermore, even within the scope of nonspecialist 
anesthesia care, there are distinct skill sets related to 
care of various types of patients. Consider, for exam-
ple, anesthesia for orthopedic, colorectal, gynecology, 
urology, neurological, vascular, and other types of 
surgery. None is recognized by accreditation boards, 
but each kind of surgery requires procedure-specific 
anesthetic expertise and management.

Another factor to consider is that clinicians who 
often work together are likely to perform better as 
a group, compared to equally skilled clinicians who 
normally do not. An effective clinical care group learns 
from regular clinical practice to fine tune their skills, 
has shared goals, embraces learning new approaches, 
has clear roles and responsibilities, and learns to rely 
on and trust their group members. The best groups 
also communicate more effectively. It seems likely that 
patient outcomes will improve when care is provided 
by clinicians who have more-than-typical experience 
with a particular type of surgery and, presumably, a 
common set of expectations about procedural flow 
and how to handle various contingencies. There is, 
however, almost no evidence supporting the theory 
that anesthesia caregiver experience improves patient 
outcomes. Using a perioperative electronic registry 
and a care team model of anesthesiologists and CRNA 
at a single academic hospital in the United States, 
we, therefore, tested the hypothesis that intraopera-
tive care provided by pairs of anesthesia caregivers 
having substantial experience with a particular type 
of routine surgery reduces a composite of in-hospital 
death and serious complications compared to care 
provided by pairs of anesthesia caregivers with less 
experience.

METHODS
The Cleveland Clinic Institutional Review Board 
approved the study and waived the need for informed 
consent from patients, attendings, and certified reg-
istered nurse anesthetists (CRNAs) on May 15, 2015. 
Study protocol and statistical analysis plan were 
approved by the Cleveland Clinic Anesthesiology 
Institute Research Committee a priori. Patient and 
anesthesia caregiver information was obtained 
from the Cleveland Clinic Perioperative Health 
Documentation System (PHDS). The statistical team 
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had access to clinician identifiers so they could evalu-
ate caseload over time, but not individual names. Other 
investigators only saw summary statistical results. 
This clinical registry includes preoperative, intraop-
erative, and postoperative details of patients who had 
surgery at the Cleveland Clinic Main Campus since 
2005. Conduct and reporting of the study followed 
strengthening the reporting of observational studies 
in epidemiology (STROBE) guidelines for reporting 
observational studies.3

The patient population for this study consists of 
adults who had noncardiac surgery at Cleveland 
Clinic’s Main Campus between April 2005 and 
November 2014. We only considered operations 
that started between 7:00 am and 5:00 pm, Monday 
to Friday. Our analysis was restricted to orthopedic, 
colorectal, gynecologic, urologic, neurologic, vas-
cular, and other types of surgical procedures—none 
of which is a subspecialty area recognized by the 
American Board of Anesthesiology. It was further 
restricted to cases that were started by a subspecialty 
pair comprising both an anesthesiologist and CRNA 
(defined below), with each completing ≥50% of the 
case.

We included only 1 surgery per patient for this 
study. If patients had multiple surgeries within 
the above time frame, the first surgery was kept. 
Emergency surgeries were excluded as were opera-
tions lasting <30 minutes. Residents are frequently 
assigned according to a rotation schedule, allowing 
for maximum exposure over the full scope of anes-
thesiology during their training. Typically, they have 
little opportunity to request specific assignments. 
Residents were therefore always considered inexperi-
enced, but the case would be included in the analysis 
so long as a case designated CRNA did ≥50% of the 
case.

Identifying Caregiver Pairs
The Department of General Anesthesiology at the 
Cleveland Clinic has several subspecialty sections, 
including neuroanesthesia, colorectal, head and neck, 
orthopedics, and urology. Based on their preferences, 
anesthesiologists and CRNAs could be members of 
≥1 section. Schedule coordinators assign personnel to 
specialty operating rooms in accordance with these 
preferences when practical. Surgical lists within these 
subspecialties are heterogeneous, and caregivers pro-
vide care for the full range of cases within each. We 
distinguish subspecialty-experienced anesthesiolo-
gists from inexperienced staff anesthesiologists.

For each subspecialty, a disjoint cluster analysis (ie, 
k-means clustering method using least-squares esti-
mations and Euclidian distance) was used to cluster 
cases in which the staff anesthesiologists had simi-
lar amounts of previous experience (ie, number of 

cumulative cases for that particular subspecialty dur-
ing the study period). Thus, when defining the expo-
sure variable, each provider was set to have 0 cases 
in each subspecialty at the beginning of the study 
period. The lowest experience cluster/group, with 
minimum average of cumulative cases, was selected 
as “inexperienced” and the maximum cumulative 
number of cases in this cluster was used as the cutoff 
point to distinguish “experienced” from “inexperi-
enced” cases (ie, for inexperienced cases the providers 
had a number of previous cases < cutoff point).

Specifically, primary staff anesthesiologists had a 
cumulative number of cases from 0, 1, 2, 3, …, to N 
during the study period for each subspecialty. Then 
we randomly initialized 4 centroids (ie, the cumula-
tive number of cases of 50, 100, 200, and 300, respec-
tively) as means of 4 clusters. Euclidean distances 
were then computed from the cumulative number 
of each case to the initialized 4 centroids and least-
squares estimation was used to move the centroids to 
the average of the points in a cluster repeatedly until 
there was no change in the clusters.

The maximum cumulative number of cases in the 
lowest mean group was used as a cutoff to define 
“inexperienced” (Supplemental Digital Content 1, 
Figure 1, http://links.lww.com/AA/D281). For 
example, for a specific type of surgery, if a primary 
staff anesthesiologist’s 79th cumulative case was the 
biggest number in the lowest mean group, we would 
categorize all staff as inexperienced for their first 79 
cases. Consequently, a given attending anesthesiolo-
gist could initially be inexperienced in 1 area and then 
become experienced for subsequent cases in that area 
after completing a sufficient number. And a given 
attending could belong to several subspecialty expe-
rienced pairs of caregivers. Nearly all providers cared 
for patients from multiple subspecialty areas.

We similarly identified surgeries cared for by “expe-
rienced” CRNAs and inexperienced CRNAs using 
the same approach (Supplemental Digital Content 2, 
Figure 2, http://links.lww.com/AA/D282). We then 
identified surgeries for which anesthesia was pro-
vided by both experienced anesthesiologist and expe-
rienced CRNA. Likewise, we identified patients who 
were cared for by an attending and CRNA, neither of 
whom was experienced for the relevant subspecialty.

Using disjoint clustering analysis to distinguish 
inexperienced from experienced caregivers had sev-
eral advantages: (1) clusters were “disjoint,” such that 
a particular case could only be assigned to 1 cluster; 
(2) clusters were determined by the data, separating 
cases into groups with similar distance to the clus-
ter’s mean or “centroid,” rather than a predetermined 
arbitrary criterion such as quartiles or quintiles of 
the volume distribution; (3) using clusters for each 
of staff anesthesiologist and CRNA as opposed to a 

http://links.lww.com/AA/D281
http://links.lww.com/AA/D282


Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E  OrigiNal CliNiCal researCh repOrt

March 2021 • Volume 132 • Number 3 www.anesthesia-analgesia.org 869

continuous number of previous cases for each allowed 
us to form pairs of experienced caregivers that could 
then be compared to pairs of inexperienced caregiv-
ers. We formed 4 clusters for each surgery type instead 
of fewer to force separation in the mean experience 
level across the range of previous case volumes; we 
then choose the lowest level as the “inexperienced” 
group. More than 4 clusters seemed to result in inex-
perienced clusters that were too small. This approach 
was preferable to choosing the upper limit of the sec-
ond or third cluster to define inexperienced caregivers 
because the latter approach would leave only those in 
the upper tail of the skewed volume distribution in 
the “experienced” group.

Statistical Analysis
To control for observed confounding patient variables 
(eg, age, sex, etc), we used inverse probability of expo-
sure weighting. Specifically, we first estimated the 
probability of receiving anesthesia care from an expe-
rienced pair (ie, the propensity score) for each patient 
using logistic regression, with experienced (versus 
inexperienced) pair as the outcome and all of the pre-
specified potential confounding variables listed in 
Supplemental Digital Content 3, Table 1, http://links.
lww.com/AA/D283, as the explanatory variables.

We then calculated “stabilized” propensity score 
weights as follows: (1) the weights for cases con-
ducted by an experienced pair were calculated as 
the proportion of patients who received care from 
an experienced pair divided by the propensity score 
and (2) the weights for cases under an inexperienced 
pair were calculated as the proportion of patients who 
received care from an inexperienced pair of caregivers 
divided by 1 minus the propensity score.4,5

To avoid extreme weights unduly influencing 
results, we truncated at first and 99th percentiles. 
Successful control for confounding was assessed by 
comparing the 2 groups on all the potential confound-
ing variables used to construct the propensity score 
using absolute standardized difference (ASD) after 
weighting each observation. Any covariables with an 
ASD > 0.10 would be entered into the models compar-
ing “experienced caregiver pair” patients and “inex-
perienced caregiver pair” patients on outcomes to 
reduce potential confounding.6

Primary Outcome
The primary outcome was a composite of in-hospi-
tal mortality and complications, including bleeding, 
cardiac, gastrointestinal, infectious, respiratory, and 
urinary complications (as defined in Supplemental 
Digital Content 4, Table 2, http://links.lww.com/
AA/D284). This composite outcome is based on the 
International Classification of Diseases (ICD)-9 codes 
identified by the Agency for Health Research and 

Quality (AHRQ) as complications and has been pre-
viously utilized for retrospective registry research.7

We estimated the average relative effect (ie, expo-
nentiated average log odds ratio [OR]) of receiv-
ing anesthesia from an experienced caregiver pair 
across the 7 components of the composite outcome, 
using a generalized estimating equation (GEE) “dis-
tinct effects” model with inverse propensity score 
weighting and adjustment for any covariables still 
imbalanced after the weighting. The average rela-
tive effect method captures complete information 
on each component for each patient, adjusts for the 
correlation among components, and is not driven 
by component(s) with the highest frequency.8,9 
Secondarily, groups were compared on the collapsed 
composite outcome (ie, any versus none) using logis-
tic regression.

A separate GEE model was used to evaluate the 
heterogeneity of the experienced caregiver pair effect 
across the components of the composite outcome by 
testing the treatment-by-component interaction.8,9  
The difference between experienced and inexperi-
enced pairs of caregivers on each individual compo-
nent was evaluated regardless of the finding of an 
interaction.

Because we did not have information on—and so 
could not consider—a provider’s experience before 
they joined our hospital, we assessed the interaction 
between the year of surgery category (2005–2009 vs 
2010–1014) and the relationship between experienced 
versus inexperienced pairs and outcome. A signifi-
cant interaction would suggest that our definition 
of experienced versus inexperienced pairs may have 
been more a function of previous experience than the 
number of cases conducted during the study, before a 
particular case.

Sensitivity Analyses
We conducted 6 sensitivity analyses to assess the 
robustness of our methodology for the primary anal-
ysis. First, we excluded the “other” type of surgery 
since those cases are perhaps less specialized than 
orthopedic, colorectal, gynecology, urology, neuro-
logical, and vascular ones. Comparison of ORs with/
without “other” types of surgery was used to assess 
the robustness of the main analyses. Second, we used 
fixed cumulative numbers (ie, ≥50, 100, 150 cases) to 
define “experience” in each type of surgery. Third, we 
added a “mixed” group in which either the anesthe-
siologist or CRNA pair member were experienced, 
but not both, and thus compared 3 pair types: experi-
enced, mixed, and inexperienced, using multivariable 
logistic regression (Supplemental Digital Content 5, 
Table 3, http://links.lww.com/AA/D285).

Fourth, we adjusted for the total number of years 
that a provider was in the study at the time of the 

http://links.lww.com/AA/D283
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current case as an additional confounding variable for 
the primary analysis. Fifth, we assessed whether the 
primary association of interest depended on whether 
or not a case ended by 5:00 pm with an interaction 
test. Sixth, we collected provider’s age and sex infor-
mation. After excluding missing data, we created a 
new propensity score model including provider age 
and sex as well as the original baseline variables and 
then compared groups on the primary outcome using 
inverse probability of exposure weighting, as done 
with the main analysis.

Finally, for the analysis including experienced, 
inexperienced, and mixed pairs, we removed the 
3-level categorical exposure variable and replaced it 
with 2 count variables indicating the number of cases 
of the particular surgery type that the staff anesthesi-
ologist and CRNA had during the study period before 
the current case. These count exposures help quantify 
the “dose-response” for each of staff and CRNA expe-
rience levels and outcome, independent of whether or 
not they worked together.

The significance criterion was 0.007 when ana-
lyzing each individual component of the composite 
outcome (ie, Bonferroni correction: 0.05/7) across 
all patients. For informational purposes, we also 
assessed the association between being cared for by 
an experienced pair and each component of the com-
posite outcome within each type of surgery. We used 
a separate GEE model for assessing each component 
of the composite outcome. The significance criterion 
was 0.001 for each of these associations (ie, Bonferroni 
correction: 0.05/49).

Secondary Outcomes
Secondary outcomes included hospital length-of-stay 
after surgery, intensive care unit (ICU) admission, 
and prolonged ventilation, which we defined as leav-
ing the operation room intubated. We choose these 
secondary outcomes since anesthetic decisions (eg, 
goal-directed fluid management, temperature man-
agement, choice of analgesic regime, or active blood 
pressure control) can influence them.

We assessed the association between being cared 
for by an experienced versus inexperienced pair of 
caregivers and hospital length-of-stay using a Cox 
proportional hazards regression model. In the model, 
length-of-stay was analyzed as time to discharge alive 
from the hospital, where patients who died before hos-
pital discharge were considered as never having the 
event and were assigned a censoring time equal to the 
observed longest duration among those discharged 
alive. Hospital discharge rates at days 2, 5, and 8 after 
surgery were estimated using a weighted (ie, inverse 
probability of treatment weighting [IPTW]) Kaplan-
Meier estimator, and the difference between groups 
at each day was tested with a 2-sample z test. Logistic 

regression was used to assess the association between 
pair type and binary outcomes. We adjusted for 
confounding using inverse propensity score weigh-
ing and adjusted for imbalanced covariables after 
the weighting, as needed. The significance criterion 
was 0.017 for each of the 3 secondary outcomes (ie, 
Bonferroni correction: 0.05/3).

Explanatory Intraoperative Data
We descriptively summarized the following intra-
operative factors: blood products transfusion, 
administration of muscle relaxant, administration of 
vasopressor, and total amount of fluids. We descrip-
tively described the difference between the experi-
enced pair and the inexperienced pair by the ASD 
after inverse propensity score weighting.

Sample Size Considerations
We planned to use all available surgical cases for the 
study duration (2005–2014), which met the inclusion/
exclusion criteria for our study and did not conduct 
an a priori power analysis to guide sample size esti-
mation. We expected and realized many thousands of 
cases, allowing adequate adjustment for confounding 
and facilitating a robust analysis of the relationship 
between subspecialty experience and our binary-event 
composite outcome. Particularly, the average relative 
effect method works best when there are sufficient 
events for each component of the composite; this was 
the case for our analysis, so the sample size of approxi-
mately 34,000 cases was adequate. SAS statistical soft-
ware version 9.4 (Cary, NC) was used for all analyses.

RESULTS
A total of 8968 patients in whom anesthesia care was 
provided by an experienced pair of caregivers and 
25,361 in whom care was received from an inexperi-
enced pair were included in our analysis (Figure 1). 
As seen in the Supplemental Digital Content 3, Table 
1, http://links.lww.com/AA/D283, and Figure  2, 
we successfully controlled for observed confound-
ing variables after the IPTW. The 2 groups were well 
balanced on all of the potential confounding factors 
after weighting, with the largest ASD being only 
0.07. Thus, no further adjustment was needed for our 
analyses. The proportion of patients who had no post-
operative bleeding or infection, either of bleeding or 
infection, and both bleeding and infection was 95.9%, 
3.8%, and 0.3%, respectively. Likewise, the propor-
tion of patients who had no postoperative bleeding 
or mortality, either bleeding or mortality, and both 
bleeding and mortality was 95.4%, 4.2%, and 0.4%, 
respectively. Finally, the proportion of patients who 
had no postoperative infection or mortality, either 
infection or mortality, and both infection and mortal-
ity was 93.9%, 5.8%, and 0.3%, respectively.

http://links.lww.com/AA/D283
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Primary Outcome
Care by an experienced pair of caregivers was associ-
ated with decreased odds of having in-hospital mor-
tality/morbidity. The incidence of any complication 
was 7.6% for experienced pairs and 12% for inexpe-
rienced pairs (P < .001). Being cared for by an expe-
rienced pair was associated with lower odds of the 

in-hospital mortality/morbidity composite outcome 
components, with an estimated average relative effect 
(ie, average OR) across the individual components of 
0.61 (95% confidence interval [CI], 0.54-0.71), P < .001.

We also assessed and reported the association for 
each individual component of the composite (Table 1 
and Figure  3). Being cared for by an experienced 

Figure 1. Flow chart. CRNA indicates Certified Registered Nurse Anesthetist.
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caregiver pair was significantly associated with 
decreased odds of bleeding, infection, and mortality. 
The corresponding estimated ORs were 0.64 (99.3% 
CI, 0.49-0.84) (experienced versus inexperienced) for 
bleeding, 0.42 (0.31-0.58) for infection, and 0.50 (0.29-
0.86) for mortality. No statistically significant differ-
ences were identified for other complications.

The association was in the same direction across 
all the individual components of the composite, 
although the test for heterogeneity of caregiver pair 
effects (experienced versus inexperienced) across 
components was highly significant (pair-by-outcome 

component interaction P < .001). We did not detect an 
interaction between the year of surgery and the care-
giver pair experience level (P = .83).

Sensitivity analyses
First, the estimated average relative effect excluding 
“other” surgery types was 0.58 (0.50, 0.69), P <.001. 
The ratio of average relative effect ORs with/without 
other types of surgery was 1.1, indicating that elimi-
nating the other types of surgery designation did not 
much alter the primary analysis. Second, using a fixed 
number of cumulative cases for all surgery types to 

Figure 2. Plot of ASD between experienced team (N = 8968) and inexperienced team (25,361) on covariables before and after the inverse 
propensity score weighting. ASD is an absolute difference in means or proportions divided by the pooled standard deviation. Any covariables 
with an ASD >0.10 were considered to be imbalanced and were adjusted for in the analysis. AIDS, acquired immune deficiency syndrome; 
ASA, American Society of Anesthesiologists; ASD indicates absolute standardized difference.
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define exposures also gave results consistent with the 
primary results, and the experienced caregiver pair 
benefit strengthened as the number of cases required 
for “experienced” designation increased (Table  1), 
with P < .001 for all definitions. Third, comparing 
the 3 exposure groups of inexperienced, mixed, and 
experienced pairs, experienced pairs were found to 
be best, followed by mixed pairs and then inexperi-
enced pairs, which supports the primary conclusion 
(Table 2). Fourth, the primary analysis average rela-
tive effect (95% CI) across the components was 0.64 
(0.54-0.75) < 0.001 after adjusting for staff and CRNA 
number of years in the study, almost identical to when 
these variables were not included. Including years of 
experience in our models did not markedly change 
estimates of interest. Fifth, there was no interaction 

between the primary association of interest and 
whether or not a case ended by 5:00 pm (interaction 
P = .59). Sixth, including provider age and sex in our 
model, did not markedly change estimates of inter-
est (ie, there was an absolute 6% strengthening in the 
average OR), with an estimated average relative effect 
(95% CI) of 0.64 (0.53-0.79), P < .001, after IPTW and 
adjusting for imbalanced CRNA age at surgery and 
type of surgery. Finally, defining the exposure as the 
number of cases of the particular surgery type that 
each of the staff anesthesiologist and CRNA had dur-
ing the study period before the current case indicated 
a significant relationship for each “experience” vari-
able, with an OR (95% CI) of 0.98 (0.96-0.99) for a dif-
ference of 100 cumulative previous cases for staff and 
0.94 (0.91-0.97) for CRNA.

Table 1. Primary Analysis: Comparison Between Experienced and Inexperienced Teams on the Primary 
Outcome (Composite of In-Hospital Mortality/Morbidity) and the Secondary Outcomes (ICU Admission 
and Extubation Status on Leaving the Operating Room) Using IPTW

 

Incidence (%) ORa (99.3% CI)b  
(experienced versus  

inexperienced) Pb
Experienced  

team
Inexperienced  

team

 N = 8968 N = 25,361   
Primary outcomes
 Collapsed composite 677 (7.6) 2976 (12) 0.71 (0.63-0.80) <.001c

 Bleeding 135 (1.5) 612 (2.4) 0.64 (0.49-0.84) <.001c

 Cardiac 164 (1.8) 617 (2.4) 0.78 (0.61-1.00) .008
 Gastrointestinal 303 (3.4) 1258 (5.0) 0.86 (0.71-1.04) .028
 Infectious 96 (1.1) 670 (2.6) 0.42 (0.31-0.58) <.001c

 Respiratory 14 (0.2) 86 (0.3) 0.55 (0.24-1.25) .049
 Urinary 55 (0.6) 280 (1.1) 0.67 (0.44-1.02) .011
 Mortality 36 (0.4) 192 (0.8) 0.50 (0.29-0.86) <.001c

 Average relative effect across the components (main result) 0.61 (0.54-0.71) <.001c

 Sensitivity analysis: used fixed numbers of preformed operations to define the experienced in each type of 
surgery

  

   Average relative effect across the components above (experienced staff/CRNA defined as ≥50 operations) 0.65 (0.57-0.74) <.001
   Average relative effect across the components above (experienced staff/CRNA defined as ≥100 operations) 0.56 (0.49-0.64) <.001
   Average relative effect across the components above (experienced staff/CRNA defined as ≥150 operations) 0.49 (0.40-0.60) <.001
Secondary outcomes   OR (98.3% CI)  
 ICU admission 527 (5.9) 1527 (6.0) 0.83 (0.74-0.94) <.001c

 Not extubated when leaving ORd 176 (2.3) 749 (3.5) 0.69 (0.56-0.84) <.001c

   HR (98.3% CI)  
 Length of hospital stay after surgery (d) 3 (1, 5) 3 (2, 5) 1.06 (1.02-1.10) <.001c

 Estimated % discharged (95% CI) at    Mean difference (95% CI)e

  Day 2 43% (41%, 45%) 44% (43%, 45%) −1.1 (−2.7 to 4.3) .16
  Day 5 80% (78%, 81%) 76 (75%, 77%) 3.4 (2.1-4.6) <.001
  Day 8 92% (91%, 93%) 89% (88%, 90%) 3.1 (2.2-4.0) <.001

First, we estimated the probability of receiving anesthesia care from an experienced team (ie, the propensity score) for each patient using logistic regression 
with an experienced team as the outcome using the following prespecified potential confounding variables (listed in the table). Then, we calculated the stabilized 
weights as follows: the weights for the cases under an experienced team are the proportion of patients who received care from an experienced team divided 
by the propensity score; the weights for the cases under an inexperienced team are the proportion of patients who received care from an inexperienced team 
divided by 1, propensity score. To be conservative, we also truncated the stabilized weights at 1st and 99th percentiles.
Abbreviations: CI, confidence interval; CRNA, Certified Registered Nurse Anesthetist; GEE, generalized estimating equation; ICU, intensive care unit; IPTW, inverse 
probability of treatment weighting; OR, odds ratio.
aThe OR on each individual component of the composite outcome was estimated using a model with IPTW. Although the experienced team effect was different 
across the components of the composite outcome: the treatment-by-outcome interaction P value was <.001 from a separate GEE model, all the estimated ORs 
were in the same direction. Thus, the average relative effect (ie, average OR) of being cared by an experienced team was still evaluated. For other outcomes 
(collapsed composite and the secondary outcomes), the OR was estimated using the logistic regression model with IPTW.
bCIs adjusted for multiple testing by Bonferroni correction. Correspondingly, P value of <.05 was considered to be significant for the average relative effect across 
all the components included in the composite outcome (ie, overall assessment), and P values <.007 were considered significant for individual components.  
P value <.017 were considered significant for secondary outcomes (ie, 0.05/3).
cStatistically significant.
dOnly included patients who had general anesthesia, with N = 7535 in experienced team and N = 21,603 in inexperienced team.
eEstimated discharge rate (95% CI) was estimated using a weighted Kaplan-Meier method, and the difference (95% CI) was from 2-sample t test.



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
874   www.anesthesia-analgesia.org aNesthesia & aNalgesia

Performance of Subspecialty Anesthesia Caregivers

We further assessed associations between caregiver 
pair experience and complications within each type 
of surgery, including orthopedic, colorectal, gynecol-
ogy, urology, neurological, other types of surgery, and 
vascular. With a very conservative significance crite-
rion, a significant association between caregiver pair 
experience and bleeding was only found in colorectal 
surgery (OR [99.9% CI]: 0.43 [0.21-0.90], experienced 
versus inexperienced) (Supplemental Digital Content 
6 and 7, Table 4, Figure 3, http://links.lww.com/AA/
D286, http://links.lww.com/AA/D287). The odds 
of having infectious complication was significantly 
lower in the experienced pair group than in the inex-
perienced for orthopedic surgery (0.24 [0.10-0.60]) 
and colorectal surgery (0.42 [0.23-0.79]). No differ-
ences were found in bleeding or infectious complica-
tions between the caregiver pairs for other types of 
surgeries, but the observed associations were in the 
direction of benefit (ie, estimated OR <1) for all types 
of surgery. Furthermore, no associations were found 
for any other complications between caregiver experi-
ence for any type of surgery.

Additionally, a significant association between 
experienced pairs and the collapsed composite out-
come (ie, any versus none) was found in orthopedic 
surgery, colorectal surgery, and gynecology surgery 
(all P values <.0001).

Secondary Outcomes
Care by an experienced pair of caregivers was signifi-
cantly associated with earlier hospital discharge. The 
estimated median (Q1, Q3) duration of hospitaliza-
tion from the Kaplan-Meier curve was 3 (1, 5) days 
for experienced pairs and 3 (2, 5) days for inexperi-
enced pairs (Supplemental Digital Content 8, Figure 
4, http://links.lww.com/AA/D288). Patients who 
were cared for by an experienced pair were 6% more 
likely (98.3% CI, 3-10) to be discharged alive from hos-
pital at any time point after surgery as compared to 

patients cared by an inexperienced pair (hazard ratio 
[HR]: 1.06 [1.02, 1.10] for experienced versus inex-
perienced, P < .001). Experienced pairs had a higher 
discharged percent by days 5 and 8 (~3% higher, P 
< .001), but no difference was found by day 2. There 
were 228 (0.67%) patients who died during the hospi-
tal stay. Discharges for those patients were considered 
as nonevents and censored at the longest observed 
length-of-stay.

Patients who were cared for by an experienced 
pair were significantly associated with a lower 
risk of prolonged ventilation and ICU admission. 
Prolonged ventilation occurred in 2.3% of patients 
cared for by an experienced pair of caregivers and 
3.5% of patients cared for by an inexperienced pair 
(OR, 0.83; 98.3% CI, 0.74-0.94; P < .001). The ICU 
admission rate was 5.9% in the experienced pair 
group and 6.0% in the inexperienced pair group (OR, 
0.83; 98.3% CI, 0.74-0.94; P < .001). Thus, patients 
who were cared for by an experienced pair of care-
givers were an estimated 31% less likely (98.3% CI, 
16-44) to have prolonged ventilation and 17% less 
likely (98.3% CI, 6-26) to have an ICU admission 
after surgery as compared to the patients who were 
cared by an inexperienced pair.

Summary statistics of intraoperative factors, 
including fluid management, blood transfusion, 
usage of vasopressors, and usage of muscle relaxant 
are reported in Supplemental Digital Content 9, Table 
5, http://links.lww.com/AA/D289. Differences in 
these factors between patients cared for by experi-
enced and inexperienced pairs, after inverse pro-
pensity score weighing (ie, amount of colloids with 
an ASD of 0.165), were too small to be clinically 
important.

DISCUSSION
We considered orthopedic, colorectal, gynecology, 
urology, neurological, other types of surgery, and 

Figure 3. Odds ratios of each individual compo-
nent in the composite of in-hospital morbidity/
mortality were plotted for experienced team ver-
sus inexperienced team. The x-axis is logarithmic. 
We adjusted for multiple testing by Bonferroni cor-
rection. Correspondingly, P values of <.007 were 
considered significant for individual component; 
thus, 99.3% CIs were plotted. The box represents 
the odds ratio, and the line represents the CI. CI 
indicates confidence interval.

http://links.lww.com/AA/D286
http://links.lww.com/AA/D286
http://links.lww.com/AA/D287
http://links.lww.com/AA/D288
http://links.lww.com/AA/D289
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vascular surgery. None are recognized as anesthe-
sia specialties by accreditation boards. Furthermore, 
clinical fellowships in these areas remain uncommon. 
Importantly, we did not compare board-certified spe-
cialization to generalists since fellowship training 
leading to board certification presumably provides 
special expertise. Instead, all our comparisons were 
within types of surgery that are generally considered 
routine anesthetic practice. Specifically, we evalu-
ated informal experience consequent to focusing on 
particular clinical areas and the potential of pairs of 
experienced staff anesthesiologist and CRNA work-
ing together during a case.

Anesthesia provided by experienced pairs of care-
givers was associated with 40% decreased odds of 
having a composite of in-hospital morbidity and mor-
tality compared to an inexperienced pair of caregivers. 
Furthermore, patients cared for by experienced pairs 
were less likely to experience bleeding complications, 
had fewer infections, shorter hospitalization, and less 
in-hospital mortality. Our results thus suggest that the 
care provided by experienced pairs of caregivers is asso-
ciated with improved patient outcomes. It is interesting 
to note that bleeding and infection as individual com-
ponents of the composite outcome provided a stronger 
observed signal compared to cardiac and respiratory 
components. Each was uncommon but possibly influ-
enced by experienced clinicians being aggressive about 
maintaining normothermia, using goal-directed fluid 
management, and limiting hypotension.

Although it seems intuitive that accumulating 
practice and experience might improve patient out-
comes, few studies have evaluated the relationship. 
In a retrospective analysis of 1155 vascular surgi-
cal patients undergoing major vascular surgery, 
anesthesia provided by a small team of vascular 
anesthetists was associated with both 30-day and 
medium-term mortality.10 Hofer et al11 studied the 
association between the number of previous liver 
transplantations performed and postoperative out-
comes in 849 patients cared for by 22 anesthesiolo-
gists. Perhaps unsurprisingly, the authors report that 
the anesthesiologist’s initial 5 liver transplantations 
were associated with a significantly greater risk of 30 
days mortality and a trend toward a greater risk of 
30-day graft failure. Thereafter, there was no further 

associated odds of either outcome. Interestingly, fac-
ulty do not perceive the benefit of focused subspe-
cialization.12 Furthermore, subspecialization does not 
seem to improve the effective clinical supervision of 
residents or nurse anesthetists.13

Several studies show that anesthesia care teams 
(an anesthesiologist and a CRNA) perform better 
than either alone.14 Another study similarly showed 
that 30-day postoperative mortality is lower with 
anesthesia care teams than a solo anesthesiologist.15 
Specifically, 2095 patients cared for by an anesthesi-
ologist-CRNA team were propensity score matched 
to 2095 patients cared for by an anesthesiologist only. 
Anesthesia, given by an anesthesia team, was asso-
ciated with improved outcome by reducing 30-day 
mortality (0.76% vs 1.56%, P = .0014) and decrease of 
length-of-hospital stay (4.9 ± 10.1 vs 5.6 ± 11.5 days, 
P = .0011).15 However, these results do not directly 
apply to the question we address, which is whether 
outcomes are improved with experienced attending-
CRNA pairs that routinely work together.

We only considered regular work hours and 
excluded urgent cases. This is important to note for 2 
reasons. First, very few “call teams” are based on spe-
cialization with cardiac and obstetric anesthesia being 
frequent exemptions in larger hospitals. Second, pro-
cedures performed during regular work hours are dif-
ferent from procedures outside of regular work hours. 
A recent study by Dexter et al13 suggests that working 
in a subspecialty during regular work hours might 
not translate into contemporary experience with pro-
cedures performed during off-hours. Surgery subspe-
cialization is common nowadays and is mostly driven 
by recognition of the relationship between volume, 
specialization, and surgical outcome.16,17 Yeo et al18 
evaluated 14,833 patients who had major rectal can-
cer resections and reported fewer complications when 
procedures were performed by surgeons with the 
highest annual and cumulative case volumes. Others 
report that patients whose surgeons are specialized 
have less postoperative ileus, fewer wound infec-
tions, and a reduced duration of hospitalization.19,20 
While these studies focus solely on surgical expertise, 
the results are consistent with our findings.

Our analysis extends very limited previous work 
by evaluating nearly 35,000 patients, which allowed 

Table 2.  Sensitivity Analyses: Comparison Among 3 Teams on the Primary Outcome (Composite of In-Hospi-
tal Mortality/Morbidity)
Exposure Total Composite of in-hospital mortality/morbidity, N (%) Comparison OR (95% CI)a Pa

Inexperienced team 25,361 677 (7.6) Mixed versus inexperienced 0.84 (0.79-0.90) <.001
Mixed teamb 19,828 1995 (10) Experienced versus inexperienced 0.68 (0.62-0.75) <.001
Experienced team 89,68 2976 (12) Experienced versus mixed 0.81 (0.73-0.89) <.001

Abbreviations: CI, confidence interval; CRNA, Certified Registered Nurse Anesthetists; OR, odds ratio.
aMultivariable logistic regression with experienced team as the outcome using the prespecified potential confounding variables are listed in Table 1.
bIncluded 1 experienced (either CRNA or staff anesthesiologist) and 1 inexperienced.
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us to separately consider 7 subspecialty categories and 
a composite of 7 complications. Our overall results 
show that there was a clinically important and highly 
statistically significant association between experi-
enced pairs of caregivers and lower odds of bleeding, 
infectious complications, and mortality. Although the 
association between experienced pairs and outcomes 
varies by component (P < .001), all ORs were in the 
same direction. This denotes the interaction was sig-
nificant because the magnitude of the benefit that 
experienced pairs brought to various outcomes dif-
fered, but there was a benefit for each. Associations 
were largely nonsignificant for individual compli-
cations within surgical types, presumably because 
sample sizes at that level were inadequate. However, 
the associations were nearly all consistent in direc-
tion across all individual components suggesting that 
experienced pairs provide robust benefit.

A limitation of our analysis is that we cannot fully 
distinguish personal expertise from the benefits of 
pairing experienced clinicians. Presumably, both fac-
tors contribute to the benefit observed with expe-
rienced pairs. But we cannot estimate the relative 
contributions of individual expertise (eg, number of 
relevant cases) versus caregiver pair experience (eg, 
ability to anticipate actions and established under-
standing of how to deal with various contingencies). 
We adjusted for correlation within patients across 
multiple cases. However, we were not logistically able 
to adjust for possible correlation among outcomes 
across cases for the same provider(s), which might 
have introduced somewhat biased estimates of asso-
ciation or standard errors.

A limitation of all observational research is that 
causality cannot be attributed with any certainty. But 
in this case, a causal relationship between pair experi-
ence and outcome seems highly plausible. And given 
the nature of the subject, randomized trials would be 
challenging. As in many previous studies, we chose 
AHRQ ICD-9 complication codes as our primary out-
come, recognizing that coding is never completely 
accurate and that the occasional apparent complica-
tion may already have been present on admission. 
However, there is little reason to believe that dis-
parities would preferentially benefit experienced or 
inexperienced pairs. Finally, potential confounding 
through selection bias remains a general limitation of 
retrospective analysis.

Defining experts in anesthetic subspecialties is 
challenging. Besides traditional approaches, includ-
ing once-in-a-lifetime fellowship or certification, 
continuous education, practice, and lifelong learn-
ing, are now considered essential to maintaining and 
advancing expertise. This is reflected in licensing 
requirements for continuing medical education cred-
its and in the American Board of Anesthesiology’s 

Maintenance of Certification in Anesthesiology 
Program. A strength of our approach is that we a 
priori and objectively defined “experience” based 
on cluster analysis. Furthermore, our results were 
consistent through several definitions of pair group 
membership, suggesting that the observed substan-
tial benefit is not a fluke consequent to pair experi-
ence definition. For example, increasing the required 
number of cases to be called “experience” strength-
ened the association with the outcome as might be 
expected. And finally, “mixed” pairs of providers 
performed better than pairs with little experience 
and worse than those in which both the anesthesiolo-
gist and CRNA were experienced.

Investigating experienced operative caregiver pairs 
without including surgeons paints an incomplete pic-
ture. Almost certainly, surgical expertise also affects 
postoperative outcomes. However, we considered 
including individual surgeons as a required third 
member of each caregiver pair, but we do not have 
enough data about the level of experience of individ-
ual surgeons at our institution to include them in our 
analysis. Available surgical literature indicates that 
surgical experience and expertise is significantly asso-
ciated with improved outcomes, and it seems likely 
that adding an expert surgeon to an experienced anes-
thesia caregiver pair would further improve patient 
outcomes.18–21 To support this theory, data by Doll 
et al22 indicate that optimized allocation of anesthe-
siologists to surgeons for a daily case list improves 
operating room efficiency, although the report did 
not comment on patient outcomes. Our investigation 
was conducted at a single academic medical center. 
Staffing patterns and practice settings will differ even 
in other academic centers and even more in private 
practice settings, which could easily influence the 
magnitude of the specialization effect we identify. 
Expanding this sort of analysis to other practice set-
tings should thus be a priority.

Should future studies confirm our findings, depart-
mental considerations to expand the availability of 
subspecialty experienced caregivers beyond regular 
work hours might arise. Large centers already provide 
cardiac, transplant, or obstetric specialty expertise. 
Making additional experienced providers available 
would pose a significant call burden for the caregiv-
ers involved and challenge hospitals economically. 
Smaller hospitals and providers covering a broader 
range of cases might need to identify new ways of 
maintaining a minimum of experience within specific 
subspecialties.

In summary, intraoperative anesthesia care by 
pairs of experienced attendings and nurse anesthe-
tists was associated with fewer bleeding complica-
tions, fewer infections, shorter hospitalization, and 
reduced in-hospital mortality. While causal inference 
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is always limited in observational analyses, surgical 
patients appear to benefit from specialized anesthesia 
caregivers. E
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