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As far as including cancer types in either the propensity 
model or the multivariate analysis (beyond the broad groups 
that have already been included in the analysis, see tables 1 
and 2), the major issue is the numbers of different types and 
subtypes, with consequent substantial implications for out-
come. A look through the data reveals more than 20 broad 
cancer types. Within those types are further subdivisions, for 
example, triple-negative breast cancer has a very different 

In Reply:
Many thanks for your comments on our recent retrospective 
study.1

With regard to the first point posed by Drs. Ali and 
Ghori, concerning the use of the term “long-term cancer sur-
vival,” we agree that together with 1-yr survival, 5- and 10-yr  
survival rates are commonly used when reporting cancer  
survival. However, contextually, mortality rates for periopera-
tive interventions are commonly reported as either 30 days or 
length of stay, and as such the reported follow-up of between 
18 months and 4.5 yr would qualify as long term.

With regard to the use of the propensity model and 
all-cause mortality data, we agree that a better approach 
would have been to consider cancer-attributable mortal-
ity. However, these data are not reliably available in the 
United Kingdom. National cancer registries do not cover 
the broad span of cancers we considered, and in addition 
often have incomplete data for the early years covered by 
the study.

We agree that Kaplan–Meier curves for the propensity-
matched groups should have been included in the study. 
These are now included in figure 1, A–C, and as you can see 
are very similar to those for the nonmatched groups.

Drs. Doleman, Lun, and Williams raise interesting  
queries regarding our analysis, much of which we are in 
agreement with.

There is little doubt that cancer type and stage have a pro-
found effect on outcome, and the lack of accurate data within 
our study for the latter in particular is a potential major con-
founder. However, as we state in the discussion, the very lack 
of availability of staging data to the practitioners administer-
ing the anesthesia lessens this fact since it could not have been 
a deciding factor in the choice of anesthetic.
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Fig. 1. (A) Kaplan–Meier (KM) plot for the propensity-matched 
patients. (B) KM plot for the propensity-matched patients by an-
esthesia type and American Society of Anesthesiologists (ASA) 
groups. (C) KM plot for the propensity-matched patients by an-
esthesia type and metastasis status. INHA = volatile inhalational; 
no-MET = no detected metastases; TIVA = total IV anesthesia; 
yes-MET = known metastases at the time of surgery.

James C. Eisenach, M.D., served as Editor-in-Chief for this exchange.
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Table 1.  Univariate Analysis for Cancer Type

Variables

Overall Patients Matched Pairs

Events/Total n
HR  

(95% CI for HR) P Value Events/Total n
HR  

(95% CI for HR) P Value

Breast
  TIVA 103/1560 1 0.264 70/876 1 0.541
  INHA 52/603 1.210 (0.866–1.690) 42/546 0.887 (0.605–1.302)
Gastrointestinal  

  tract
  TIVA 137/418 1 0.004 116/363 1 < 0.001
  INHA 223/504 1.372 (1.109–1.698) 183/365 1.681 (1.332–2.122)
Gynecologic
  TIVA 81/331 1 0.221 69/274 1 0.731
  INHA 133/428 1.189 (0.901–1.569) 100/347 1.056 (0.776–1.436)
Sarcoma
  TIVA 77/491 1 0.043 62/344 1 0.673
  INHA 128/625 1.340 (1.010–1.778) 85/502 0.932 (0.672–1.293)
Urology
  TIVA 41/670 1 < 0.001 38/560 1 < 0.001
  INHA 81/432 3.094 (2.125–4.506) 51/294 2.545 (1.672–3.875)

HR = hazard ratio; INHA = volatile inhalational; TIVA = total intravenous anesthesia.

Table 2.  Multivariate Analysis for Cancer Type

Variables

Overall Patients Matched Pairs

HR (95% CI for HR) P Value HR (95% CI for HR) P Value

Gastrointestinal tract
  TIVA 1 0.010 1 0.009
  INHA 1.327 (1.069–1.646) 1.379 (1.083–1.756)
Sarcoma
  TIVA 1 0.697 Not significant in the univariate model
  INHA 1.058 (0.795–1.408)
Urology
  TIVA 1 0.752 1 0.129
  INHA 1.064 (0.723–1.568) 1.405 (0.906–2.178)

HR = hazard ratio; INHA = volatile inhalational; TIVA = total intravenous anesthesia.

outcome from estrogen receptor–positive breast cancer, as 
do the different types of thyroid cancer. The numbers of 
individual cancers are often small, and as a result, statisti-
cal power would be lost if we were to subdivide beyond the 
point that has already been undertaken.

Dr. Dawson makes specific reference to the effects of 
transfusion, and we agree that there are a significantly greater 
number of patients who underwent transfusion in the group 
receiving volatile anesthesia. The fundamental reason for this 
relates to the allowance margin in the propensity scoring and 
to the numbers of factors included in the propensity model. 
While statistically significant, the actual difference in num-
bers of transfused patients is low at only 40. Given that the 
unadjusted morality rate for transfused patients is 51%, this 
would have little impact on the overall mortality difference 
between the 2 groups (190 patients), but we would agree that 

it is a confounding factor. Eliminating the difference between 
groups completely would have resulted in reducing the num-
ber of patients in the propensity-matched model further.

The strength of our analysis lies in the fact that it consid-
ered a large number of unselected cancer patients admitted 
for elective surgery. The weakness is that it is a retrospective 
study with all the inherent problems and unaccounted for 
confounders that come with that. The lack of data around 
staging and the small numbers of individual cancer sub-
types prohibit further analysis without loss of meaning. As 
stated in our conclusion, the only assertion we make is that 
our study found an association between mode of anesthesia 
administration and mortality. Further adequately powered 
prospective studies of specific cancer types with comprehen-
sive staging data now need to be undertaken to confirm or 
refute our findings.
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Current Quality Registries Lack the 
Accurate Data Needed to Perform 
Adequate Reliability Adjustments

To the Editor:
We would like to thank Drs. Wakeam and Hyder1 for 
their excellent discussion and description of reliability 
adjustment in the recent issue of Anesthesiology. The 
authors correctly highlight the important role that the 
statistical analysis of data submitted to the various regis-
tries can play in the ranking of institutions. This is par-
ticularly important now that the Centers for Medicare 
and Medicaid Services requires providers to participate in 
a Physician Quality Reporting System2 using a Qualified 
Clinical Data Registry. These requirements are a precur-
sor to altering physician payments based upon measures 
of care quality.

We would like to raise the issue of another area of 
“reliability”: the reproducibility of the underlying data them-
selves. While some registries such as National Surgical Qual-
ity Improvement Program do periodic data audits and have 
well-described accuracy thresholds,3 many do not. In fact, 
some registries, including the Anesthesia Quality Institute 
and the American Society of Anesthesiologists Perioperative 
Surgical Home initiative, allow for widely divergent meth-
ods of data collection, yet lump these data together assum-
ing they are comparable. For example, one group might 
define postoperative nausea and vomiting based on postan-
esthesia care unit antiemetic administration, while another 
bases it on direct patient interviews. Other registries, such 
as some maintained by the National Quality Foundation, 
utilize administrative claims data, which have been shown 
to be discordant with data collected by other methods.4–8 
Despite these very different methods of data collection, all of 
these examples are considered equally valid national quality 
registries.

We find the idea that the underlying data used in these 
registries may be inconsistent to be worrisome. Ideally, the 
data on patients in various registries should be identical 
regardless of the method by which they were collected. At 
the very least, even if the data are not identical between reg-
istries, it is critical that within a registry, the data from vari-
ous sites be of equal quality and have the same definitions, 
something the major registries in our own specialty lack. If 
the data inputs are not consistent, we are left with the ques-
tion of which data to believe, and the conclusion is that the 
risk adjustment models used may be unable to control for 
patient-specific risk factors the way they are intended.

It seems inevitable that in the near future, providers 
will be compared to each other and paid partially based on 
these comparisons. This concept is based upon the unveri-
fied supposition that we can effectively compare patients 
across institutions. On the basis of the current landscape, 
we find this supposition unlikely, and we are concerned 
that using these inadequate tools may lead to incorrect 
choices in the near future. Drs. Wakeam and Hyder are 
absolutely correct that “big data” require more than assem-
bling a large sample size and assuming that the “N” will 
solve the problem, but rather a thorough understanding of 
statistics and attention to detail. Unfortunately, it seems 
that the goals of some of the quality registries are outpac-
ing the science behind them.
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