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Abstract

Purpose Although standard-of-care has been defined for the treatment of glioblastoma patients, substantial practice variation
exists in the day-to-day clinical management. This study aims to compare the use of laboratory tests in the perioperative care
of glioblastoma patients between two tertiary academic centers—Brigham and Women’s Hospital (BWH), Boston, USA,
and University Medical Center Utrecht (UMCU), Utrecht, the Netherlands.

Methods All glioblastoma patients treated according to standard-of-care between 2005 and 2013 were included. We com-
pared the number of blood drawings and laboratory tests performed during the 70-day perioperative period using a Poisson
regression model, as well as the estimated laboratory costs per patient. Additionally, we compared the likelihood of an
abnormal test result using a generalized linear mixed effects model.

Results After correction for age, sex, IDHI1 status, postoperative KPS score, length of stay, and survival status, the number
of blood drawings and laboratory tests during the perioperative period were 3.7-fold (» <0.001) and 4.7-fold (p <0.001)
higher, respectively, in BWH compared to UMCU patients. The estimated median laboratory costs per patient were 82 euros
in UMCU and 256 euros in BWH. Furthermore, the likelihood of an abnormal test result was lower in BWH (odds ratio [OR]
0.75, p<0.001), except when the prior test result was abnormal as well (OR 2.09, p <0.001).

Conclusions Our results suggest a substantially lower clinical threshold for ordering laboratory tests in BWH compared to
UMCU. Further investigating the clinical consequences of laboratory testing could identify over and underuse, decrease
healthcare costs, and reduce unnecessary discomfort that patients are exposed to.
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Introduction
Background

Although standard-of-care has been defined for the treat-
ment of glioblastoma patients [11], substantial practice
variation continues to exist in the day-to-day clinical
management, particularly with regard to the ordering of
diagnostic tests. These differences can reflect significant
over—and underuse of diagnostic tests during the perio-
perative period, which in turn drive healthcare costs and
expose patients to unnecessary discomfort. Furthermore,
the use of diagnostic tests during the perioperative period
provides an impression of the intensity of care delivered
in the treatment of glioblastoma patients.

Objectives

The aim of this study was to investigate the international
practice variation by comparing laboratory testing policies
during the perioperative period of glioblastoma patients
between two hospitals—one in Boston, MA, and the other
in Utrecht, The Netherlands. Additionally, we compared
the financial costs associated with these laboratory testing
policies, as well as the a priori likelihood of an abnormal
test result to gain insight into the clinical threshold for
ordering laboratory tests.

Materials and methods

This study was conducted and reported according to the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Statement. The Institutional
Review Boards of University Medical Center Utrecht
(UMCU) and Brigham and Women’s Hospital (BWH)
approved this study and waived the need for informed
consent because of its retrospective, observational study
design.

Study design, setting, and participants

In this retrospective cohort study, data from UMCU in
Utrecht, The Netherlands, and BWH in Boston, USA, were
used. Both are academic and tertiary referral centers for
neurosurgical care. All adult patients who underwent crani-
otomy for a histologically confirmed glioblastoma between
the 1st of January 2005 and 31st of December 2013, were
included. To enhance the comparability between the two
patient populations, we excluded patients that did not receive
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standard-of-care defined as maximal safe resection followed
by chemoradiation.

Outcomes and covariates

The outcome measures utilized in this study included (1) the
total number of blood collections between 35 days before
and 35 days after surgery; (2) the number and type of labo-
ratory tests; (3) the a priori likelihood of an abnormal test
result; and (4) the total cost price per patient during the peri-
operative period. To specify, a venipuncture is considered
to be a single blood collection on which multiple laboratory
test could be performed. The predictor of interest was the
institution at which the patient was treated. Age in years,
sex, isocitrate dehydrogenase 1 (IDH1) mutation status,
postoperative Karnofsky Performance Scale (KPS) (<70
versus > 70), length of stay in days, survival status (< 1 year
versus > 1 year), timing of the laboratory test (day of surgery
versus any other day), and value of the previous, similar
laboratory test (no previous/normal test versus abnormal
test) were collected as covariates. Missing data was mul-
tiply imputed by means of a random forest algorithm [14].

Statistical analysis

Differences in baseline characteristics between patients
treated at UMCU and BWH were tested by means of
the Fisher’s exact test, independent-samples ¢-test, or
Mann—Whitney U test, dependent on the variable type (i.e.,
categorical, count, or continuous) and distribution in case of
numeric variables (i.e., normal or non-normal). The mean
and standard deviation were used for normally distributed
data, and the median and interquartile range (IQR) were used
for non-normally distributed continuous data or count data.
Normality was assessed graphically and tested by means of
the Shapiro—Wilk test. Descriptive differences in the total
number of blood collections (combined and throughout the
10-day perioperative period), laboratory tests (combined
and stratified for the ten most frequently ordered laboratory
tests), and total cost price per patient were assessed graphi-
cally and numerically by the median and IQR. To enhance
the comparability of these estimates, we utilized the prices
of a single institution (UMCU) for both institutions. The
total cost price per patient included the price of the indi-
vidual laboratory studies, as well as the order rate of distinct
blood collections.

The multivariable analysis included two patient-level
(i.e., one patient is one observation) and one laboratory
test-level analysis (i.e., one laboratory test is one observa-
tion). The two patient-level analyses compared the differ-
ences in the total number of blood collections and the total
number of distinct laboratory tests in patients treated at
UMCU and BWH, after correcting for age, sex, IDH1 status,
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postoperative KPS score, length of stay, and survival status.
Because these outcomes constitute discrete count data, a
Poisson regression model was used. The laboratory test-level
analysis compared the a priori likelihood of an abnormal
laboratory finding between UMCU and BWH. In addition
to the previously mentioned covariates, we corrected for
the timing of the laboratory test and the value of the prior
laboratory study. We included an interaction term to exam-
ine whether the prior laboratory value serves as an effect
modifier. Lastly, to account for the correlation of laboratory
studies of the same type or performed in the same patient,
we used a multi-level generalized linear mixed effects model
including individual laboratory tests and patients as random
effects in a hierarchical fashion. P-values were adjusted for
multiple testing by means of the Bonferroni correction based
on 26 comparisons. A p-value below 0.05 was considered to
be statistically significant. All statistical analyses were per-
formed in R (Foundation for Statistical Computing, Vienna,
Austria version 3.5.1) [9].

Results
Participants

In total, 969 patients underwent craniotomy for a histo-
logically confirmed glioblastoma between January 2005
and December 2013 at one of the institutions (417 at
UMCU and 552 at BWH). Of these patients, 230 (23.7%)
were excluded because they were not treated by means

of maximal safe resection followed by chemoradiation
(UMCU 151 patients, 36.2%; BWH 79 patients, 14.3%).
Consequently, a total of 739 patients were included in
the final analysis (UMCU 266 patients, 36.0%; BWH 473
patients, 64.0%). Missing data were multiply imputed for
IDHI1 mutation status (46.0%), postoperative KPS score
(30.1%), and survival status (7.3%). Baseline characteris-
tics for all study participants (mean age 59.9 + 12.1 years,
60.6% males) compared by institution are shown in
Table 1. Compared to BWH, patients treated at UMCU
were younger at time of surgery and had better postopera-
tive KPS scores, longer length of stay, and better survival
status. The distribution of all variables in the total cohort
is depicted in Supplementary Figure S1.

Descriptive outcomes

The median number of distinct blood collections dur-
ing the 70-day perioperative period was 6 (IQR 4-9) in
UMCU and 18 (IQR 11-29) in BWH (Fig. 1). The median
number of laboratory tests during the 70-day periopera-
tive period was 64 (IQR 46-85) in UMCU and 230 (IQR
167-323) in BWH. Differences in the frequency of order-
ing laboratory studies were observed across the spectrum
of laboratory tests, yet most pronounced with regard to the
testing of glucose levels (Fig. 2). Differences in the rate of
laboratory testing were most evident on the day of surgery
and the day after surgery (Fig. 3). Financially, the median
cost price for laboratory testing during the perioperative

Table 1 Baseline characteristics

X Patient characteristics Level UMCU (n=266) BWH (n=473) P
of the total cohort compared by
institution n % n %
Age <50 61 22.9 72 15.2 <0.001
50-70 176 66.2 294 62.2
>70 29 10.9 107 22.6
Mean +SD 57.31+11.58 61.39+12.14 <0.001
Sex Male 163 61.3 285 60.3 0.845
Female 103 38.7 188 39.7
IDH1 Wildtype 246 92.5 434 91.8 0.695
Mutant 20 7.5 39 8.2
Post-op KPS score >70 235 88.3 380 80.3 0.007
<70 31 11.7 93 19.7
Length of stay Median [IQR] 7 [5-8] 4 [3-6] <0.001
Survival >1 year 190 71.4 279 59.0 0.001
<1 year 76 28.6 194 41.0

Abbreviations: BWH, Brigham and Women’s Hospital; /IDH1, isocitrate dehydrogenase; IQR, interquartile
range; KPS, Karnofsky performance scale; n, sample size; p, p-value; post-op, postoperative; SD, standard
deviation; UMCU, University Medical Center Utrecht

The bold value represents the significant differences in baseline characteristics between the UMCU and

BWH cohort
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Fig.2 Bar chart depicting median number of laboratory studies dur-
ing the 70-day perioperative period of the ten most frequently ordered
test compared by institution. The error bars reflect the 50% confi-
dence interval (i.e., interquartile range)

period was 82 euros per patient (IQR 58-117) in UMCU
and 256 euros per patient (IQR 184-383) in BWH (Fig. 1).

Statistical analysis

The number of blood samples drawn from glioblastoma
patients operated at BWH was estimated to be 3.7-fold
higher compared to patients from UMCU after correction
for age, sex, IDH1 mutation status, postoperative KPS
score, length of stay, and survival status (Table 2). Older
age, female sex, IDH1 mutation, postoperative KPS scores

@ Springer
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lower than 70, longer length of stay, and short survival sta-
tus were all positively associated with the number of blood
collections performed during the perioperative period
(Table 3). The number of distinct laboratory tests performed
on glioblastoma patients operated at BWH was estimated to
be 4.7-fold higher compared to patients from UMCU after
correcting for age, sex, IDH1 status, postoperative KPS
score, length of stay, and survival. Older age, female sex,
IDHI1 wildtype, postoperative KPS score lower than 70,
longer length of stay, and shorter survival status were also
positively associated with the number of laboratory tests
performed during the perioperative period.

The a priori likelihood of an abnormal test result was
lower in BWH compared to UMCU (odds ratio [OR] 0.75,
95% CI 0.67-0.85), after correction for age, sex, IDHI muta-
tion status, postoperative KPS score, survival status, tim-
ing of the laboratory test, and value of the prior laboratory
test (Table 4). However, whenever the prior lab finding was
abnormal, the likelihood of an abnormal finding in BWH
patients was higher compared to UMCU (OR 2.09, 95% CI
1.73-2.52). Laboratory studies performed in older patients,
in patients with a KPS score lower than 70 or with a short
survival status, performed on the day of surgery, or preceded
by an abnormal finding were more likely to be abnormal as
well.

Discussion
In glioblastoma patients, the number of blood collections and

laboratory tests performed during the perioperative period
is substantially higher (3.7- and 4.7-fold, respectively) in
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BWH compared to UMCU. This was associated with a simi-
lar substantial increase in laboratory costs. Furthermore, the
a priori likelihood of an abnormal test result was lower in the
US cohort, except when the prior finding was abnormal. In
this case, the likelihood of an abnormal finding was higher.

Implications

Our results suggest substantial practice variation regarding
laboratory testing policies in glioblastoma patients during
the perioperative period and imply a lower clinical threshold
for ordering laboratory tests in the US institution. The lower
clinical threshold encompasses both the ordering of novel
laboratory tests and the follow-up of abnormal laboratory
finding.

Similar findings were reported in a previous study on
international practice variation demonstrating a significant
difference in the number of postoperative CT scans ordered
after burr hole drainage for a chronic subdural hematoma
(median of 0 scans in the Dutch institution and 4 in the
US institution) [3]. Furthermore, this study found that all

Days from surgery

re-interventions were preceded by clinical decline, sug-
gesting little benefit of routine scanning in asymptomatic
patients.

The results of the current study should be interpreted
with caution, especially when generalizing them to practice
variation between the two countries or even the two conti-
nents. Namely, several studies have already demonstrated
significant practice variation in the treatment of patients
with traumatic brain injury between countries within the
same continent [6, 12, 13]. Furthermore, two recent studies
also found substantial differences in the use of laboratory
tests in the primary care setting between regions within
the same country [7, 8]. This group also emphasizes the
importance of investigating practice variation in laboratory
testing policies as it constitutes one of the most variable
cost items in healthcare due to its frequent and inconsist-
ent use. De Witt Hamer et al. found significant variation
in glioblastoma overall survival trends between hospitals
in the Netherlands. However, this variation was associated
with patient-related factors (e.g., age and functional status)
rather than hospital-related factors (e.g., academic setting
or case volume) [2].
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Table 2 Poisson regression model into the number of blood collec-
tions performed during the perioperative period

Table 3 Poisson regression model into the number of laboratory stud-
ies performed during the perioperative period

Patient charac-  Level Count ratio 95% CI  p* Patient charac-  Level Countratio 95% CI  p*
teristic teristic
Age <50 years Ref Ref Ref Age <50 years Ref Ref Ref
50-70 years 1.11 1.02-1.21 0.0052 50-70 years 1.02 1.00-1.05 0.14
>70 years 1.14 1.03-1.26 0.0026 >70 years 0.96 0.93-0.99 <0.001
Sex Male Ref Ref Ref Sex Male Ref Ref Ref
Female 1.06 1.00-1.12 0.0312 Female 1.02 1.00-1.04 0.0104
IDH1 Wildtype Ref Ref Ref IDH1 Wildtype Ref Ref Ref
Mutant 1.12 1.00-1.26 0.0624 Mutant 0.91 0.88-0.95 <0.001
Post-op KPS >70 Ref Ref Ref Post-op KPS >70 Ref Ref Ref
score <70 1.50 1.41-1.60 <0.001 score <70 1.34 1.31-1.36  <0.001
Length of stay ~ Per day increase 1.06 1.06-1.07 <0.001 Length of stay ~ Per day increase 1.06 1.06-1.06 <0.001
Survival >1 year Ref Ref Ref Survival >1 year Ref Ref Ref
<1 year 1.23 1.16-1.30 <0.001 <1 year 1.07 1.05-1.08 <0.001
Hospital UMCU Ref Ref Ref Hospital UMCU Ref Ref Ref
BWH 3.66 3.38-3.96 <0.001 BWH 4.65 4.534.77 <0.001

Abbreviations: BWH, Brigham and Women’s Hospital; IDHI, isoci-
trate dehydrogenase; KPS, Karnofsky performance scale; p, p-value;
post-op, postoperative; UMCU, University Medical Center Utrecht

The bold values represents statistically significant differences in the
use of perioperative laboratory testing between the two institutions

*Adjusted for multiple testing by means of a Bonferroni correction
based on 26 comparisons

It should be underlined that the current study has only
demonstrated and quantified differences in the use of labora-
tory tests between a US and Dutch institution. Although no
data on the clinical and therapeutic consequences of labo-
ratory test are available, the striking difference in testing
policies implies substantial over- or underuse of laboratory
tests in one of the included institutions. Further investigat-
ing the clinical implications can identify potential over- and
underuse of laboratory tests. According to a 2017 survey by
Lyu et al., US physicians estimate that as much as 24.9%
of all medical tests ordered are unnecessary [5]. While this
survey is subjective in nature and offers no quantifiable evi-
dence, it provides a valuable estimate of the magnitude of
medical overuse. Even slight improvements in the use of
laboratory tests could already have a significant impact on
healthcare costs.

Furthermore, it remains to be elucidated what underly-
ing mechanisms drive these differences in practice varia-
tion [10]. Defensive medicine has been formulated as one
of the underlying drivers and refers to physicians altering
their clinical behavior because of the threat of malpractice
liability. Two other reported drivers are disparities in tech-
nology and expertise, as well as differences in the healthcare
reimbursement model [1, 4]. The magnitude of these poten-
tial drives and the role of other potential drivers of practice
variation remain to be explored as well.

@ Springer

Abbreviations: BWH, Brigham and Women’s Hospital; IDHI, isoci-
trate dehydrogenase; KPS, Karnofsky performance scale; p, p-value;
post-op, postoperative; UMCU, University Medical Center Utrecht

The bold values represents statistically significant differences in the
use of perioperative laboratory testing between the two institutions

*Adjusted for multiple testing by means of a Bonferroni correction
based on 26 comparisons

Limitations

A few limitations should be mentioned. First, this study only
compared data from two institutions. In order to validate and
improve the generalizability of these results, inclusion of
data from more institutions would be desirable. Second, dif-
ferences were observed in participant selection. BWH were
more likely to receive maximal safe resection despite older
age and poorer functional status, which resulted in a cohort
with less favorable characteristics compared to the UMCU
cohort. Although we aimed to reduce the effect of selection
bias by including all potential confounders in the analy-
sis, residual confounding of covariates that have not been
measured or documented could still influence the results.
Third, on average 6.4% of all data points were missing in
the total data set, which was multiply imputed by means of
a random forest algorithm to mitigate the risk of system-
atic bias associated with a complete-case analysis. Missing-
ness was confined to covariates included as confounders.
No missingness was observed among the outcomes or the
exposure of interest. Fourth, laboratory tests performed at
different institutions during the 35-day perioperative period
were not included in the analysis. As such, the current find-
ings resemble the differences on institutional level, which
provides a mere indication of the differences on regional
and national level. Lastly, to enhance the comparability of
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Table 4 .Multi—level genera%ized Characteristic Level OR 95% CI p*
linear mixed effects model into
the likelihood (?f an ab'nqrmal Age <50 Ref Ref Ref
therefore, one observation >70 119 1.01-1.39 0.0289
represents a single laboratory Sex Male Ref Ref Ref
measurement. In this multi-level Female 0.96 0.88-1.05 >0.99
Wit
correlation among laboratory Mutant L13 0.94-1.36 >0.99
studies of the same type and the Post-op KPS score >70 Ref Ref Ref
same patient in a hierarchical <70 1.30 1.16-1.45 <0.001
fashion Survival >1 year Ref Ref Ref
<1 year 1.18 1.07-1.29 <0.001
Study on day of surgery No Ref Ref Ref
Yes 2.12 1.99-2.26 <0.001
Prior lab finding Normal Ref Ref Ref
Abnormal 2.92 2.43-3.50 <0.001
Hospital UMCU Ref Ref Ref
BWH 0.75 0.67-0.85 <0.001
Interactions
Hospital and prior lab value BWH and abnormal 2.09 1.73-2.52 <0.001

Abbreviations: BWH, Brigham and Women’s Hospital; IDH1, isocitrate dehydrogenase; KPS, Karnofsky
performance scale; p, p-value; post-op, postoperative; UMCU, University Medical Center Utrecht

The bold values represents statistically significant differences in the use of perioperative laboratory testing

between the two institutions

*Adjusted for multiple testing by means of a Bonferroni correction based on 26 comparisons

the cost analysis, we utilized the same laboratory cost price
for both centers. However, the actual onsite cost prices of
the ten most frequently ordered laboratory tests, as depicted
in Fig. 2, were 30 to 80 times higher in BWH. This means
that the current study reflects the minimal difference in cost
price per patient, but that the actual difference is even more
substantial. Furthermore, the financial analysis only reflects
the direct primary laboratory costs, but not the consequential
secondary costs (e.g., delaying discharge, additional diag-
nostics and treatments) or patient harms and discomfort.
Despite these limitations, we believe the current study pro-
vides valuable insights into the international practice varia-
tion in perioperative laboratory testing policies in glioblas-
toma patients.

Future studies should further investigate the practice
variation in laboratory testing, as well as other diagnostic
and therapeutic modalities. Comparing practice variation
between regions with different legal environments can pro-
vide insight into the potential role of defensive medicine.
Other potential drivers of practice remain to be elucidated
as well. Evaluating the clinical impact of distinct diagnos-
tic tests, both negative and positive, could facilitate harmo-
nization and effective usage of healthcare resources. Even
slight optimization in laboratory testing policies could make
substantial impact on the increasing monetary burden of

healthcare and reduce unnecessary discomfort patients are
exposed to.

Conclusion

Our results suggest substantial practice variation with
regard to laboratory testing policies during the periop-
erative period of glioblastoma patients and imply a lower
clinical threshold for ordering laboratory tests in BWH.
Further investigating the clinical consequences of labora-
tory tests could potentially identify overuse and underuse,
decrease healthcare costs, and reduce unnecessary discom-
fort patients are exposed to.
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Comments

Neurosurgical practice in Glioblastoma varies between
countries as well as institutions, nevertheless, there is limited data
in literature assessing these variations in detail, especially when it
comes to differences between the US and the European practice.
The authors set out to investigate perioperative practice variations
in laboratory testing between their 2 institutions, the first located
in the US, while the other is in the Netherlands. They conclude
that there is a substantially lower clinical threshold for lab testing
at the US institution, with further research warranted in order to
elucidate on the clinical implications of this.

I commend the authors for this study, benchmarking in detail
the difference in one of the neurosurgical aspects of Glioblastoma
treatment between the US and the Europe, while highlighting the
need for further evaluation in the clinical implications of this and
other fields of potential practice variations.

Jiri Bartek

Stockholm, Sweden
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