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Abstract This study evaluated the impact of infectious disease
(ID) specialist referrals on outcomes in a tertiary hospital in
France. This study tackled methodological constraints (selec-
tion bias, endogeneity) using instrumental variables (IV)
methods in order to obtain a quasi-experimental design. In ad-
dition, we investigated whether certain characteristics of pa-
tients have a bearing on the impact of the intervention. We used
the payments database and ID department files to obtain data
for adults admitted with an ID diagnosis in the North Hospital,
Marseille from 2012 to 2014. Comparable cohorts were obtain-
ed using coarsened exact matching and analysed using IV
models. Mortality, readmissions, cost (payer perspective) and
length of stay (LoS) were analysed. We recorded 15,393
(85.97%) stays, of which 2,159 (14.03%) benefited from IDP
consultations. The intervention was seen to significantly lower
the risk of inpatient mortality (marginal effect (M.E) = –
19.06%) and cost of stay (average treatment effect (ATE) = –
€5,573.39). The intervention group was seen to have a longer

LoS (ATE = +4.95 days). The intervention conferred a higher
reduction in mortality and cost for stays that experienced ICU
care (mortality: odds ratio (OR) =0.09, M.E cost = –8,328.84 €)
or had a higher severity of illness (mortality: OR=0.35, M.E
cost = –1,331.92 €) and for patients aged between 50 and 65
years (mortality: OR=0.28, M.E cost = -874.78 €). This study
shows that ID referrals are associated with lower risk of inpa-
tient mortality and cost of stay, especially when targeted to
certain subgroups.

Background

When seeking avenues to cut costs, policy makers are prone to
question the legitimacy of specialist care, as it has been often
cited as amajor contributor to excessive treatment costs without
offering significant added value [1]. In this group, certain spe-
cialists, e.g., infectious disease (ID) specialists and geriatricians,
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are seen as groups that consume more resources [1, 2]. This has
led to increased scrutiny by policy makers, who are keen on
evaluating outcomes to ascertain the value of specialist care. It
has therefore become essential for specialists to demonstrate the
value of their contributions to stakeholders [1–4].

Infectious disease physicians (IDPs) are often requested for
consultation from other specialty departments with an aim to
optimize care for patients with multiple morbidities [4]. IDPs
also play a significant role in administration, research, hospital
infection control, antimicrobial stewardship and medical edu-
cation. It is therefore important to point out that viewing IDPs
as mere consulting physicians for antibiotic therapy manage-
ment obfuscates their contributions to health care systems [3,
5, 6]. The nature of advice offered by IDPs ranges from diag-
nostic to therapeutic, and has often been found to be resource-
sparing, and often more so when ID referrals are requested
early during hospitalization [7, 8].

Multiple studies have analysed the effect of IDP consulta-
tions on clinical outcomes in specific morbidities. Studies
have shown that IDP consultations significantly lower mortal-
ity in Staphylococcus aureus bacteraemia (SAB), urinary tract
infections, Staphylococcus aureus sub-acute bacterial endo-
carditis and HIV infection [6, 9, 10]. There is also evidence
showing that ID consultations offer significant benefits to cer-
tain departments in hospitals, e.g., oncology, intensive care
and solid organ transplant units [11–13]. This has prompted
a push for dedicated IDPs in hospitals to facilitate routine
consultation (phone/bedside) or mandatory consultation for
specific morbidities [3, 7, 11].

Research has produced mixed results on the effect of ID
specialist consultations on costs and duration of hospitalization
[1, 4]. It is difficult to circumvent the many methodological
constraints (selection bias, endogeneity) that limit the general-
izability of the results of previous research on the value of ID
consultations [14, 15]. One of the major reasons for the paucity
of evidence is the difficulty faced in designing suitable trials,
e.g., where the referral would be introduced non-selectively, as
in a randomized controlled trial. This study seeks to tackle these
methodological constraints and evaluate the impact of ID refer-
rals on clinical and efficacy outcomes in a tertiary hospital in
France, where all the ID referrals are formally recorded and
reformulated as Bexogenous,^ thanks to the use of instrumental
variable (IV) regression methods. This creates the design of a
quasi-experimental study [16, 17]. In addition, we attempted to
identify if certain characteristics of patients or of their hospital
stay had a bearing on the impact of the intervention; this second
point is a novelty for the literature.

Methods

The study took place in the North Hospital (Hôpital Nord) in
Marseille, southern France. The hospital is a tertiary care

facility, which serves as a reference centre for many medical
and surgical specialties. The hospital has a dedicated depart-
ment for infectious diseases—the BMaladies Infectieuses et
Tropicales (MIT)^. The MIT is composed of six residents,
one fellow, one assistant professor and one professor. The
ID department provides referral services to other departments
in the hospital on request and also has its own dedicated in-
patient section. In order to ensure quality of referral services it
is mandatory that the residents discuss with the assistant pro-
fessor or the professor before offering final referral advice.
The department is also responsible for microbiology and par-
asitology laboratories, hospital hygiene, a travel vaccination
centre and rabies treatment centre. It also serves as a centre for
disease surveillance and biosecurity.

The study population is comprised of all adult pa-
tients who were admitted to the North Hospital ,
Marseille with an infectious disease diagnosis (primary
or associated) in the period from the January 1, 2012 to
December 31, 2014. Diagnostic codes utilized are listed
in supplementary data. All stays transferred to the ID
department were excluded from the study. Data from
two sources were combined to obtain the final dataset.
The first source is an extract from the Programme de
Médicalisation des Systèmes d’Information (PMSI) da-
tabase and the second source is the ID department con-
sultation tally sheets. The PMSI is a budgeting tool for
the Diagnosis Related Group (DRG) payment system.
The DRG code (code GHM, for BGroupes Homogènes
de Malades^) contains information regarding the type of
stay (medical, surgical, etc.) and level of severity of
illness. The severity-of-illness indicator (niveau de
sévérite) is an ordinal variable that takes integer values
between 1 and 4 depending on the duration of stay, age,
DRG and associated morbidities of the stay with ‘4’
indicating the highest level of severity of illness and
‘1’ the lowest. The PMSI data was matched with the
tally sheet coding based on unique stay numbers
(PMSI number). Each unique admission was considered
as the unit of analysis.

Key variables

The treatment variable is a binary variable that takes the value
‘1’ if a stay benefited from at least one ID specialist consulta-
tion and ‘0’ if not (Fig. 1). Five outcome indicators were
selected for the study. This included three clinical outcomes:
inpatient mortality, readmission within 30 days of discharge
and mortality within 30 days after discharge, and two cost and
efficiency indicators from a payer perspective: length of stay
and total cost of stay. Costs of stay were denominated in euros
and are calculated for each DRG stay in the PMSI extract. The
costs designated are not actual costs incurred, but are assigned
based on the DRG of admissions and certain characteristics of
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the admission, for example, length of stay. Matching and ex-
planatory variables utilized in the regression models are listed
in Table 1.

Statistical analysis

Descriptive analyses were done for the explanatory variables,
outcomes across the entire study population and by treated
(received ID consultation) and untreated groups (no ID con-
sultation). Comparison across groups was done using t-tests
for continuous variables and chi-square tests for categorical
variables. We used Stata 13 for matching and analysis [18].

Dealing with unbalanced samples of case/control subjects
and with possible Bendogeneity^ in the intervention

Matching

Randomized trials are the best methods to estimate the
effects of clinical interventions; however, issues of feasibil-
ity, cost, time and ethics deprived us of the option in this
situation [19]. Using observational data is not free from
hurdles. The possibility exists that the estimated treatment
effect would be biased due to confounding caused by co-
variates that are unequally distributed in the treatment and

# Matching using covariates age, sex, surgical stay and severity indicator. 

*all inpatient departments except Infectious disease department 

Abbreviations: PMSI - Programme de Médicalisation des Systèmes d'Information

Fig. 1 Study flow diagram
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control groups. The objective is to control for confounding,
and one solution proposed is the use of matching methods.
The objective of matching is to pair observations so as to
obtain comparable groups adjusted on possible confounders
[20, 21]. Two of the most commonly used matching
methods are propensity score matching (PSM) and coars-
ened exact matching (CEM) [22]. CEM has been shown to
be an effective alternative to PSM. CEM involves stratifi-
cation of the sample based on select characteristics (e.g.
age, sex, etc.) and matching within the strata based on
likelihood of receiving the intervention. Compared to
PSM, CEM provides estimates of treatment effects with
the lowest possible bias and variance for similar sample
sizes [22, 23]. We decided to use CEM to match patient
groups on the covariates age, sex, surgical stay and severity
indicator, as these could be potential confounders.

Matching and analysis

Regression models were employed to study the effect of ID
consultations on the outcome indicators post CEM. The three
clinical outcomes were modelled using logistic regression.
Length of stay was modelled using negative binomial regres-
sion (count data). A generalized linear model with log link and
gamma distribution was utilized for modelling total cost of
stay. In addition, length of stay was also considered as an
explanatory variable for total costs.

Endogeneity and the instrumental variable method

The probability of receiving the ID consultation cannot be
assumed to depend only on the set of observed covariates.
The budgetary nature of PMSI data limits the ability to analyse

patient characteristics in detail. The unobserved patient char-
acteristics might have a bearing on the probability of receiving
the intervention, and therefore also impact outcomes. As a
result of this, an Bendogenous^ relationship was introduced
between intervention and outcomes. In order to address this
endogeneity issue, instrumental variable (IV) methods were
utilized. These techniques are popularly employed to treat
similar confounding in economics and healthcare research.
For this purpose, it is essential to identify an appropriate in-
strument, a variable that would be correlated to the interven-
tion but not to the outcomes. The IV estimation involves the
specification of two sets of structural equations, of which the
intervention assignment constitutes the first. This first step
estimates the intervention with the confounders and the instru-
ment (s) acting as predictors. The subsequent step would then
model the outcome [24].

The IV in this study was the overall probability of being
referred for an ID consultation from a particular medical unit
(calculated for 3 years (2012–2014)) and is intended to be a
proxy for the clinical practice behaviour of the referring de-
partment. This was guided by the fact that the head of the
department is in charge of training doctors and the formulation
of referral guidelines. Similar IVs that measure physician pref-
erences have been utilized in previous health economics stud-
ies [24, 25]. The probability of receiving an ID consultation
was modelled using the instrument and other covariates. The
first stage F-statistic for the IV was 891.81, implying that the
chosen instrument is Bstrong^. The Anderson canonical cor-
relations test also indicated that the IV model was well iden-
tified and relevant (p < 0.001). A biprobit specification was
utilized for the dichotomous outcomes, and a 2SLS model
comprised of a probit first stage was used for the count
outcomes.

Table 1 Matching and regression
variables Coarsened exact matching (CEM) variables Regression variables

Patient age Patient age

Patient gender Patient gender

Type of stay— surgical or not Type of stay — surgical or not

Severity of illness indicator Primary diagnosis infectious disease or not

Intensive care unit utilization during stay or not

Severity of illness indicatora

Nosocomial infection during stay or not

Outcome variables Subgroup analysis variables

Inpatient mortality Patient age groups

Mortality within 30 days after discharge Patient gender

Readmission within 30 days after discharge Severity of illness indicator (re-categorized)

Length of stay Intensive care unit utilization

Total cost of stay Major diagnostic category (top 3 frequent post CEM)

CEM coarsened exact matching
a Ordinal variable taking values 1–4; 1 is lowest severity, 4 is highest severity
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Sub-group analysis

In the second part of the study, the analysis focused on select
subsamples in order to investigate whether the impact of the
intervention differed between groups. The criteria for grouping
were sex, age, severity of illness, type of stay (surgical or not)
and major diagnostic category (MDC). The age groups chosen
were below 50 years, between 50 and 65 years and greater than
or equal to 65 years. The use of the intensive care unit (ICU)
during the hospital stay was used as a grouping criterion, in
addition to the severity indicator. Severity was regrouped into
low (level 1 or 2) and high (level 3 or 4) severity. The top three
MDCs (respiratory disease, circulatory system disorders & mus-
culoskeletal diseases and injury) in the matched sample were
selected for group-wise analysis (Table 2). In order to compare
coefficients between sub-groups, we utilized statistical methods
analogous to the Chow test [26]. The estimation is done by
specifying models for the entire sample and sub-samples, and
testing if the coefficient of the independent variable differs across
the models. Hypothesis testing was done using the likelihood
ratio test (for dichotomous outcomes) and the seemingly unrelat-
ed estimation test (for continuous outcomes) [27].

Results

Descriptive statistics prior to matching

During the study period there were a total of 15,393 stays that
fit the study criteria, of which 2,159 stays benefited from
specialist ID physician consultations. Descriptive statistics of
patient characteristics and outcomes in the entire study

population and according to the treatment group (BID
consultations^ versus Bno ID consultations^) are presented
in the Supplementary data Tables 1 and 2, respectively.

Compared to the non-ID group, the group that received ID
consultations was more likely to be male (61 %). The inter-
vention group (ID group) had a greater proportion of stays
with severity levels equal to or greater than 3, a longer mean
LoS, lower mortality rate and higher mean costs than the
group that received no referrals. The ID group was also more
likely to be surgical stays and less likely to have had ID as a
primary diagnosis. The ID group had a higher proportion of
stays that required intensive care or resuscitation.

Descriptive statistics post coarsened exact matching

CEM was done using the K-to-K matching mode, so that
weights need not be considered and matched treatment and
control groups have the same number of observations. Post
CEM, the sample comprised 2,138 stays each in ID and non-
ID groups. The CEM resulted in groups with similar demo-
graphic characteristics (Supplementary data Table 3).
Significant differences in outcome indicators—in patient mor-
tality, length of stay and total hospitalization cost—remained
after matching. No significant difference was observed for mor-
tality within 30 days post discharge and readmissions (Table 3).

Results post risk adjustment

ID consultation events were associated with a significantly
lower risk of inpatient mortality (OR = 0.38). No significant
effect was observed on death within 30 days after discharge
and readmission within 30 days post discharge. ID

Table 2 Major diagnostic
categories in study groups prior to
matching

Major diagnostic category Non ID
group

Percent of
total stays

ID
group

Percent of
total stays

Disorders of the circulatory system 1,361 10.28 358 16.58

Disorders and injuries of the musculoskeletal system
and connective tissue

539 4.07 325 15.05

Disorders of the respiratory system 4,116 31.1 242 11.21

Skin, subcutaneous tissue and breast 1,043 7.88 225 10.42

Disorders of the digestive tract 973 7.35 182 8.43

Nervous system 650 4.91 176 8.15

Trauma, allergies and poisoning 193 1.46 146 6.76

Infectious and parasitic diseases 463 3.5 93 4.31

Renal and urinary tract 1,229 9.29 73 3.38

Disorders of the ears, nose, throat, mouth and teeth 253 1.91 58 2.69

Disorders of the hepatobiliary system and pancreas 362 2.74 46 2.13

Disorders of the male reproductive system 306 2.31 21 0.97

Other 1,746 13.19 214 9.91

Total stays 13,234 2,159

ID infectious disease
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consultations were seen to have a significant effect on lower-
ing the total cost of stay (marginal effects (M.E)) = −€416.25),
but were associatedwith a higher length of stay (incidence rate
ratio (IRR) = +36.16 %). The IV analysis reconfirmed the ef-
fects of intervention on augmenting length of stay (average
treatment effect (ATE) = +4.95 days) and reducing total cost
of stay (ATE = −€5,573.39). The intervention was also seen to
have the effect of lowering in-patient mortality (M.E. =
−19.06 %). The results of the multivariate regression and IV
models are presented in Table 4.

Sub-group analysis results

Admissions in the age group ≥50 and <65 years benefited
more from the ID referral compared to younger and older
admissions (≥65 years) in terms of mortality reduction and
cost of stay. Admissions that involved ICU care were seen to
benefit more from the intervention in terms of reduction in
mortality and cost of stay. The ID referral was seen to have a
greater cost-lowering effect for stays assigned severity level
≥3. Major diagnostic category: circulatory system disorders
were seen to have had more benefit from the ID referral than
other MDCs in terms of mortality reduction. The intervention
was seen to have different but augmenting effects on length of

stay in all subsample models, except with respect to sex
(Table 5).

The intervention was not associated with any significant
impact on readmission and death 30 days post-discharge, both
in the full model and all subgroups analysed (Supplementary
data Table 4). No sub-group differences were observed for the
impact of the ID consultation on inpatient mortality when
considering sex, surgical stay and severity indicator as group
criteria. The ID referral was not seen to have effects on cost
and length of stay for the MDCs analysed.

Discussion

Aging patient populations with complex diagnoses result in phy-
sicians having to request IDP consultations in order to tap their
specialist knowledge [4]. Although this may seem to be the best
solution, there is a paucity of evidence to suggest that this option
provides a valuable return. One of the major reasons for this lack
of evidence is the difficulty faced in designing and financing suit-
able clinical trials. If the intervention of the IDP is systematically
reserved to severely ill patients, the statistical evidence on the IDP
intervention, compared to no intervention, will be strongly biased
in favour of amortality issue. At the least, the comparison samples

Table 3 Unadjusted outcomes post CEM (N = 4,276)

Variable ID consultation, N = 2138 No ID consultation, N = 2138 P value

Number Percent Number Percent

Mortality rate during hospitalization 29 1.36 % 74 3.46 % <0.01

Readmission within 30 days after discharge 216 10.1 % 199 9.31 % 0.38

Mortality within 30 days after discharge 17 0.8 % 22 1.03 % 0.42

Cost (in €) mean (SD), median [IQR] 10,759 (11,145.38), 7,612
[434–168,728]

NA 12,289.89 (17,468.25), 6,325.24
[479.42–211,887.1]

NA <0.01

Length of stay (MLoS) in days,
mean (SD), median [IQR]

20.6 (20.57), 15 [1–292] NA 15.88 (17.76), 10 [1–189] NA <0.01

CEM coarsened exact matching, IQR interquartile range, MLoS mean length of stay, NA not applicable, SD standard deviation

Table 4 Risk adjusted post match outcomes (N = 4276)

Outcome variable Post CEM P value OR/% Δ (95 % CI)/marginal effect IV model results OR/% Δ (95 % CI)/marginal effect

Inpatient mortality −0.97 <0.01 0.38 (0.25–0.59) −1.54** −19.06 %
(−26.27 to −11.84 %)

Readmission within 30 days 0.091 0.38 1.10 (0.89–1.34) −0.18 −3.2 % (−7.7 to +1.34 %)

Death 30 days post discharge −0.23 0.49 0.80 (0.42–1.51) +0.09 0.2 % (−1.16 to + 1.6 %)

Length of stay 0.31 <0.01 +36.16 % (30.76–41.77 %) +4.95** 2.67–7.24 days

Total cost of stay* −0.04 <0.01 –416.25 €
(−712.85 to −1,119.66)

−5,573.39 €** −6,769.76 € to
−4,377.02 €

% Δ percent difference, CEM coarsened exact matching, CI confidence interval, IV instrumental variable, OR odds ratio

*p < 0.05, **p < 0.01
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Table 5 Value of coefficient of
independent variable—full model
and subgroups

Variable Inpatient mortality
(CI) (OR)

Cost of stay (CI)
(marginal effects)

Length of stay
(CI) (IRR)

Full model −0.97
(−1.41 to −0.53)
(0.38)**

−0.035**
(−0.06 to −0.01)
(−416.25 €)

0.31**

(0.27–0.35)

(+36 %)

Female −0.99
(−1.77 to −0.21)
(0.37)*

−0.028
(−0.07–0.01)
(−321.34 €)

0.32**

(0.25–0.38)

(+37.1 %)

Male −0.96
(−1.50 to −0.42)
(0.38)**

−0.04*
(−0.07 to −0.01)
(−502.93 €)

0.30**

(0.25–0.36)

(+35.58 %)

LR test/suest p value 0.053 0.62 0.97

<50 years −1.85
(−4.02 to 0.32)
(0.19)

−0.047
(−0.10 to −0.003)
(−565.66 €)

0.36**

(0.27–0.44)

(+42.84 %)

50-65 years −1.29*
(−2.3 to −0.28)
(0.28)

−0.057*
(−0.11 to −0.004)
(−874.78 €)

0.42**

(0.34–0.50)

(+52 %)

≥65 years −0.67*
(−1.19 to −0.16)
(0.51)

0.003

(−0.03 to 0.04)
(+32.56 €)

0.26**

(0.21–0.32)

29.77 %

LR test/suest p value <0.01 <0.001 <0.01

Low severity −0.39
(−1.58 to 0.80)
(0.68)

.006

(−0.05 to 0.06)
(26.39 €)

0.42**

(0.34–0.51)

(+52 %)

High severity −1.04
(−1.52 to −0.56)
(0.35)**

−0.086**
(−0.12 to −0.05)
(−1,331.92 €)

0.28**

(0.23–0.33)

(+32 %)

LR test/suest p value 0.13 <0.01 <0.01

ICU −2.44
(−3.65 to −1.23)
(0.09)**

−0.33**
(−0.38 to −0.27)
(−8,328.84 €)

0.18 **

(0.10–0.26)

(+20 %)

Non-ICU −0.32
(−0.83 to 0.19)
(0.73)

0.097**

(0.07 to 0.12)

(+698.15 €)

0.41**

(0.36–0.45)

(+50 %)

LR test/suest p value <0.01 <0.001 <0.001

Respiratory disease −0.24
(−1.06 to 0.59)
(0.79)

−0.002
(−0.06 to 0.05)
(−21.32 €)

0.30**

(0.20–0.40)

(+35 %)

Circulatory system disorders −1.58**
(−2.3 to −0.52)
(0.21)

−0.036
(−0.10 to 0.027)
(−413.83 €)

0.18**

(0.072–0.29)

(+19.69 %)

Musculoskeletal diseases and injury −0.81
(−2.83 to 1.22)
(0.45)

−0.024
(−0.09 to 0.04)
(−259.43 €)

0.30**

(0.16–0.44)

(+35 %)

MDC others −1.06
(−1.77 to −0.35)
(0.35)**

−0.03
(−0.07 to 0.003)
(−376.45 €)

0.37**

(0.32–0.42)

(+44.84 %)

LR test/suest p value <0.01 0.9 <0.01

Surgical stay −1.42 0.08** 0.43**
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must be balanced on observable characteristics. A recent study by
Schmitt et al., made on balanced samples, demonstrated the ben-
eficial effect of early ID consultations with regards to patient out-
comes and cost of care in a US hospital setting [4]. Previous
studies in France have produced ambiguous results or failed to
provide strong evidence of clinical benefits for ID specialist con-
sultations, owing tomethodological constraints [28, 29].Our study
was based on the necessity of reinforcing methods for the produc-
tion of evidence, using for this a statistical model in which an
attempt was made to control for observed and unobserved con-
founders as much as possible [16, 17]. Previous studies have
pointed to the fact that mandatory inpatient specialty care may
actually benefit all stakeholders [4, 6, 7]. There also exists the
possibility of having IDPs on deputation to certain specialties in
order to obtain better outcomes [7, 11]. ID specialist intervention is
seen to have a positive impact on patient outcomes in specific
morbidities like SAB [9, 10]. Patients in specific departments,
e.g., intensive care and solid organ transplant units, were shown
to obtain positive benefits from ID specialist consultations [11, 13].

In line with previous studies, our results show a significant
association between ID specialist consultation and lowering
mortality and costs. By utilizing more robust econometric
methods, this study makes a strong case for the value that
inpatient ID specialty care offers to healthcare, both in terms
of clinical outcomes and cost of care. Even though the study
data is from a single hospital, the study does not restrict anal-
ysis to a single diagnosis, as is the case in many previous
studies. In contrast with results observed in Schmitt et al., no
significant effect was observed on readmissions and/or death
within 30 days after discharge. In addition, we observed that
ID consultations are significantly associated with a higher
length of stay. This augmentation effect of the intervention
on length of stay is possibly explained by the necessity for
completion of a specific course of therapy (or diagnostics)
recommended by the IDP. The cost reduction attributed to
the intervention, in spite of an increase in length of stay, could
be explained by complications or interventions avoided or
ICU care avoided possibly due to expert advice offered by
the ID physician.

The impact of the intervention is seen to be significantly
different when considering certain subgroups in the study pop-
ulation. Positive impacts on survival and cost of stay were
particularly strong in the following groups: stays with a higher
degree of disease severity, ICU stays, stays with a diagnosis of
cardiac/circulatory system disease and stays aged between 50
and 65 years. The difference in mortality risk attributable to
different morbidities and the clinical skill/expertise of physi-
cians in other specialties dealing with ID cases are possible
explanations for this finding.

Study limitations

The fact that PMSI data is primarily for budgeting is one of the
major limitations that did not permit us to look at morbidity
patterns and the exact severity of illness. We were unable to
investigate the impact of the intervention unit-wise, because
many stays utilized multiple units during hospitalization. The
fact that the study is limited to one institution may also be a
limitation, as varied healthcare settings and practice behav-
iours are not accounted for. There also exists the challenge
of identifying the level of adherence to IDP treatment recom-
mendations. Also, we did not investigate the issue of the
timing of the intervention, because an appropriate cut-off to
categorize Bearly^ or Blate^ intervention could not be
identified.

Future investigations

Expanding the study utilizing national datasets or data from
several hospitals could be a possible next step. A differentia-
tion on the basis of bedside compared to phone consultations
might be interesting to study. To avoid methodological limi-
tations, a prospective randomized intervention could be initi-
ated, but would pose now, with the beneficial outcome on
mortality reported in this study, several ethical questions

Table 5 (continued)
Variable Inpatient mortality

(CI) (OR)
Cost of stay (CI)
(marginal effects)

Length of stay
(CI) (IRR)

(−2.26 to −0.58)
(0.24)**

(0.05 to 0.12)

(1,472.46 €)

(0.37–0.49)

(+53.33 %)

Non-surgical stay −0.76
(−1.29 to −0.23)
(0.47)**

−0.13**
(−0.16 to −0.10)
(−889.5 €)

0.20**

(0.15–0.26)

(+22.7 %)

LR test/suest p value 0.13 <0.001 <0.01

CI confidence interval, ICU intensive care unit, IRR incidence rate ratio, LR likelihood ratio,OR odds ratio,MDC
major diagnostic category, suest seemingly unrelated estimation

*p < 0.05, **p < 0.01
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(unless the randomization is limited to the form of the inter-
vention). Extending a similar analysis to specific hospital de-
partments or even to outpatient care may help identify ways to
allocate specialist care resources in order to obtain the best
value for patients and other stakeholders.

In the current scenario where healthcare budgets are
stressed and allocations are decided based on the value offered
by interventions, our study results will be of interest for third-
party payers, IDP unions such as the Union of European
Medical Specialists and to health systems researchers.
Similar methodologies could be utilized to investigate the role
and value of varied specialties in multiple health scenarios and
could aid in optimal allocation of resources.

Acknowledgments The authors thank the secretarial staff and resident
doctors at Hôpital Nord, Marseille for their guidance and efforts that
facilitated data collection and understanding of the hospital processes.

Compliance with ethical standards

Financial support The IHU-Méditerranée foundation supported this
project.

Conflicts of interest Manoj Sasikumar, Sylvie Boyer, Anne Remacle-
Bonnet and Bruno Ventelou have no competing interests. Philippe
Brouqui has a related patent FR2997779 pending. All authors have sub-
mitted the ICMJE Form for Disclosure of Potential Conflicts of Interest.

Ethical considerations Informed consent and ethics board approval
was not required due to the observational nature of this study and the
use of anonymized data.

References

1. Classen DC, Burke JP, Wenzel RP (1997) Infectious diseases con-
sultation: impact on outcomes for hospitalized patients and results
of a preliminary study. Clin Infect Dis 24(3):468–70

2. Sorbero ME, Saul MI, Liu H, Resnick NM (2012) Are geriatricians
more efficient than other physicians at managing inpatient care for
elderly patients? J Am Geriatr Soc 60(5):869–76

3. Nahass RG (2014) The infectious diseases physician in the future of
healthcare: not only about antibiotic prescribing. Clin Infect Dis
60(5):773–6

4. Schmitt S, McQuillen DP, Nahass R, Martinelli L, Rubin M,
Schwebke K, et al (2013) Infectious diseases specialty intervention
is associated with decreased mortality and lower healthcare costs.
Clin Infect Dis 58(1):22–8

5. McQuillen DP, Petrak RM, Wasserman RB, Nahass RG, Scull JA,
Martinelli LP (2008) The value of infectious diseases specialists:
non–patient care activities. Clin Infect Dis 47(8):1051–63

6. Goldstein EJ, Petrak RM, Sexton DJ, Butera ML, Tenenbaum MJ,
MacGregor MC et al (2003) The value of an infectious diseases
specialist. Clin Infect Dis 36(8):1013–7

7. Ingram P, Cheng A, Murray R, Blyth C, Walls T, Fisher D et al
(2014) What do infectious diseases physicians do? a 2-week snap-
shot of inpatient consultative activities across Australia, New
Zealand and Singapore. Clin Microbiol Infect 20(10):O737–O44

8. Fantoni M, Murri R, Scoppettuolo G, Fabbiani M, Ventura G,
Losito R et al (2015) Resource-saving advice from an infectious

diseases specialist team in a large university hospital: an exportable
model? Future Microbiol 10(1):15–20

9. Jenkins TC, Price CS, Sabel AL, Mehler PS, Burman WJ (2008)
Impact of routine infectious diseases service consultation on the
evaluation, management, and outcomes of staphylococcus aureus
bacteremia. Clin Infect Dis 46(7):1000–8

10. Lahey T, Shah R, Gittzus J, Schwartzman J, Kirkland K (2009)
Infectious diseases consultation lowers mortality from staphylococ-
cus aureus bacteremia. Medicine 88(5):263

11. Hamandi B, Husain S, Humar A, Papadimitropoulos EA (2014)
Impact of infectious disease consultation on the clinical and eco-
nomic outcomes of solid organ transplant recipients admitted for
infectious complications. Clin Infect Dis 59(8):1074–82

12. Granwehr BP, Kontoyiannis DP (2013) The impact of infectious dis-
eases consultation on oncology practice. Curr Opin Oncol 25(4):353–9

13. Pavese P, Bonadona A, Vittoz J, Labarère L, Foroni D, Barnoud J
(2005) Appropriate use of antibiotics in intensive care unit: useful-
ness of a systematic infectious advisory consultation. Reanimation
14:281–7

14. Nathwani D, Davey P, France A, Phillips G, Orange G, Parratt D
(1996) Impact of an infection consultation service for bacteraemia
on clinical management and use of resources. QJM 89(10):789–98

15. Cataño JC (2008) The economic and ecologic impact of infectious
diseases specialists in hospitals. ActaMedica Colombiana 33(2):58–62

16. Heckman JJ (2000) Microdata, heterogeneity and the evaluation of
public policy. Bank of Sweden Nobel Memorial Lecture in
Economic Sciences, Stockholm

17. Cook TD (2015) Quasi Experimental Design. Wiley Encyclopedia
of Management. 11:1–2

18. StataCopr (2013) Stata statistical software: Release 13. StataCorp,
College Station, TX, USA

19. Rubin DB (2007) The design versus the analysis of observational
studies for causal effects: parallels with the design of randomized
trials. Stat Med 26(1):20–36

20. Cochran WG, Cox GM (1957) Experimental designs. Wiley, New
York

21. Rubin DB (1972) A non-iterative algorithm for least squares esti-
mation of missing values in any analysis of variance design.
Applied Statistics pp 136–41

22. Wells AR, Hamar B, Bradley C, Gandy WM, Harrison PL, Sidney
JA et al (2013) Exploring robust methods for evaluating treatment
and comparison groups in chronic care management programs.
Population Health Manag 16(1):35–45

23. Iacus SM, King G, Porro G (2011) Causal inference without bal-
ance checking: Coarsened exact matching. Political Analysis 20(1):
1–24

24. Rassen JA, Schneeweiss S, Glynn RJ, Mittleman MA, Brookhart
MA (2009) Instrumental variable analysis for estimation of treat-
ment effects with dichotomous outcomes. Am J Epidemiol 169(3):
273–84

25. Garrido MM, Deb P, Burgess JF, Penrod JD (2012) Choosing
models for health care cost analyses: issues of nonlinearity and
endogeneity. Health Serv Res 47(6):2377–97

26. Chow GC (1960) Tests of equality between sets of coefficients in
two linear regressions. Econometrica: Journal of the Econometric
Society, pp 591–605

27. StataCorp (2013) Base reference manual. StataCorp, College
Station, TX, USA

28. Sellier E, Labarère J, Gennai S, Bal G, François P, Pavese P (2011)
Compliance with recommendations and clinical outcomes for for-
mal and informal infectious disease specialist consultations. Eur J
Clin Microbiol Infect Dis 30(7):887–94

29. de La Blanchardiere A, Boutemy J, Thibon P, Michon J, Verdon R,
Cattoir V (2012) Clinical benefit of infectious diseases consultation:
a monocentric prospective cohort study. Infection 40(5):501–7

Eur J Clin Microbiol Infect Dis (2017) 36:625–633 633



European Journal of Clinical Microbiology & Infectious Diseases is a copyright of Springer,
2017. All Rights Reserved.


	The...
	Abstract
	Background
	Methods
	Key variables
	Statistical analysis
	Dealing with unbalanced samples of case/control subjects and with possible &ldquo;endogeneity&rdquor; in the intervention
	Matching
	Matching and analysis

	Endogeneity and the instrumental variable method
	Sub-group analysis

	Results
	Descriptive statistics prior to matching
	Descriptive statistics post coarsened exact matching
	Results post risk adjustment
	Sub-group analysis results

	Discussion
	Study limitations
	Future investigations
	References


