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Impact of Infectious Disease Consultation on the
Clinical and Economic Outcomes of Solid Organ
Transplant Recipients Admitted for Infectious
Complications
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Background. There has been a paucity of data on the healthcare resource utilization of infectious disease-related
complications in solid organ transplant recipients. The aims of this study were to report the clinical and economic
burden of infectious disease-related complications, along with the impact of infectious disease consultation.

Methods. This cohort study evaluated patients requiring admission to a tertiary-care center during 2007, 2008,
and 2011. Propensity score matching was used to estimate the effects of patient demographics, comorbidities, and
transplant- and infection-related factors on 28-day hospital survival, length of stay (LOS), and medical costs.

Results. Infectious disease-related complications occurred in 603 of 1414 (43%) admissions in 306 of 531 (58%)
patients. Unadjusted 28-day mortality did not differ between those who received infectious disease consultations vs
those who did not (2.9% vs 3.6%, P = .820), however, after propensity score matching, infectious disease consultation
resulted in significantly greater 28-day survival estimates (hazard ratio = 0.33; log-rank P = .026), and reduced 30-day
rehospitalization rates (16.9% vs 23.9%, P =.036). The median LOS and hospitalization costs were significantly in-
creased for patients receiving an infectious disease consultation than in those managed by the attending team alone
(7.0 vs 5.0 days, P=.002, and $9652 vs $6192, P =.003). However, the median LOS (5.5 vs 5.1 days, P=.31) and
hospitalization costs ($8106 vs $6912, P=.63) did not differ significantly among those receiving an early infectious
disease consultation (<48 hours) vs no consultation, respectively.

Conclusions. Infectious disease consultation in recipients of solid organ transplant is associated with increased
LOS and hospitalization costs but decreased mortality and reduced rehospitalization rates. Early consultation with
infectious disease specialists decreases healthcare resource utilization compared with delayed referrals.
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Solid organ transplant (SOT) has become an important
therapeutic option for a variety of end-stage organ dis-
eases. Well-established surgical procedures, improve-
ments in medical management, and more refined

immunosuppressant therapy have enhanced graft and
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patient survival rates. Unfortunately, the potential for
surgical complications along with the impact of more
potent immunosuppression predisposes SOT recipients
to clinically important infectious syndromes that are
major contributors to morbidity and mortality [1-4].
Previous literature has demonstrated that selecting ap-
propriate initial empiric antimicrobial therapy may im-
prove SOT patient in-hospital mortality [1, 4]. Unique
infections in the immunocompromised host, such as
cytomegalovirus (CMV) and invasive fungal infections,
are not routinely seen by general infectious disease (ID)
specialists and may be more difficult to diagnose and
treat appropriately [5]. Furthermore, drug-resistant infec-
tions can be significantly more expensive to treat than
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nonresistant infections because they tend to result in increased
lengths of hospitalization, readmission rates, medication costs,
postdischarge care, lost workdays, and mortality [6, 7]. These
challenges, along with the increased morbidity and mortality as-
sociated with infectious complications after transplant, have
brought a number of ID specialists to focus on this population
in an effort to improve their clinical management.

ID specialists have an increasingly important role in the man-
agement of infections in a variety of settings, but the literature re-
garding Staphylococcus aureus bacteremia is the most complete,
demonstrating a significant impact on adherence to standards of
care, decreased rates of relapse, better diagnosis of endocarditis,
and decreased mortality [8-12]. Unfortunately, little information
exists concerning the impact of ID specialist consultations on
clinical outcomes and healthcare resource utilization in the
SOT population. The primary objective of this study was to de-
termine in-hospital patient survival for infectious disease-related
hospitalizations in SOT recipients who receive an ID consultation
compared with those who do not. Other objectives included de-
termining the relative healthcare resource utilization when ID
specialists were consulted, including length of stay (LOS) and di-
rect medical costs associated with the management of hospital-
ized SOT patients with infectious disease-related complications.

METHODS

Study Design and Patients

This cohort study was conducted at the Toronto General Hos-
pital, University Health Network, a tertiary-care hospital in To-
ronto, Canada, and was approved by the institution’s research
ethics board. The Multi-organ Transplant Program performs
approximately 450 transplants annually, providing follow-up
care to almost 5000 recipients of transplants including heart,
lung, liver, kidney, pancreas, and small-bowel transplants. We
retrospectively reviewed SOT recipients admitted during
June-September 2007 and June-September 2008, and prospec-
tively from June to September 2011. We excluded the initial ad-
mission for the transplant surgery itself. Our program had
limited access to ID specialists during 2007-2008, but this
changed during 2009-2010 when 2 ID specialists were consec-
utively appointed to be dedicated to our program. These sam-
pling periods were chosen to (1) minimize confounding effects
of variation due to seasonal infections, (2) compare periods
during which our program did not have access to dedicated
ID specialists, and (3) minimize the possibility of incomplete
medical records given that our institution adopted electronic
medical records in mid-2007.

Data Collection
Hospital visit documentation and laboratory, microbiology, and
medication history were integrated into the patients’ electronic

medical records. Transplant-related data were obtained from a
data management system (OTTR, OTTR Chronic Care Solu-
tions, Omaha, Nebraska). Data were collected by trained ab-
stractors using standardized data collection forms and entered
into a computerized database using Access 2007 (Microsoft
Corporation, Redmond, Washington). We randomly selected
30 (5%) abstracted records to assess data collection validity,
and did not find any inconsistencies. Data variables collected
included patient demographics, symptoms on admission,
comorbidities, central venous catheter use, leukopenia, trans-
plant-related factors, concomitant and previous immunosup-
pression, previous antimicrobial use, ID consultation referrals,
infection-related diagnoses, and Simplified Acute Physiology
Score II (SAPS II) during the first 24 hours of admission. The
SAPS 1I is a severity of illness score and mortality estimation
tool developed from a large sample of medical/surgical patients
in North America and Europe [13].

Infectious Syndromes

Infectious syndromes were defined and categorized according to
established consensus recommendations or Centers for Disease
Control and Prevention criteria [14, 15]. Where abstractors dif-
fered on categorization, consensus agreement was reached
among the principal investigators, which included a transplant
pharmacist and an ID specialist. The syndrome most responsi-
ble for the majority of their hospitalization was selected.

Exposure and Outcome Assessment

Patients were grouped according to whether they received an ID
specialist consultation. We classified ID consults occurring
within 48 hours of admission as early interventions. The prima-
ry outcome of this study was 28-day in-hospital survival for
SOT recipients experiencing infectious disease-related compli-
cations. Patient mortality included all causes of death. Other
outcomes included healthcare resource use in terms of the du-
ration of hospitalizations and direct medical costs.

Statistical Analysis

To assess the differences between those receiving an ID consul-
tation and those not receiving one, we generated a propensity
score for each patient based on a multivariable logistic regres-
sion model fitted with visit- and patient-level variables to esti-
mate the relative odds of receiving an ID vs no ID consultation
(Supplementary Appendix Figure 1) [16,17]. The additional in-
clusion of patient-level variables allowed us to better account for
the partially clustered nature of the data and more accurately
specify the propensity score model, an approach that has been
reported to be suitable for hierarchical data structures [18]. The
effectiveness of bias reduction after matching was assessed by
absolute standardized differences expressed as a percentage of
the pooled standard deviation (SD) [19, 20].
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In-hospital survival for patients managed with or without ID
consultation was compared using the Kaplan-Meier product-
limit method and the log-rank statistic to test the null hypoth-
esis of no difference between survival curves. These models were
fitted to both the total study population and propensity score-
matched cohorts. Cox proportional hazards models were used
to analyze the relationship between survival and ID consulta-
tion, in addition to covariates decided upon a priori (SAPS II
and time posttransplant). The assumption of proportionality
was graphically examined using log (cumulative hazard) plots
and scaled Schoenfeld residuals. No important violations of
the proportionality assumption were identified. We also con-
ducted survival analyses after randomly choosing 1 admission
per patient as a sensitivity analysis to account for the partially
clustered nature of our dataset (Supplementary Appendix 1).

Using the propensity score-matched cohort, we compared
LOS and total direct medical costs using nonparametric
Mann-Whitney U tests. To determine whether sample loss in
the matching process affected our results, we estimated the ef-
fect of ID consultation on LOS in the full cohort of patients by
covariate adjustment using deciles of the propensity scores in a
linear regression model (Supplementary Appendix Table 1). We
conducted sensitivity analyses using a generalized linear model
(GLM) with a log-link and vy distribution to analyze covariates
for increasing medical costs (Supplementary Appendix
Table 2A-C) [21, 22].

Values were expressed as the mean (SD) or median (inter-
quartile range) for continuous variables depending on the dis-
tribution or as a count (percentage) for categorical variables.
We compared groups using the Student ¢ test, °, or Wilcoxon
signed-rank tests as appropriate. The criterion for statistical sig-
nificance was set a priori at o = .05, with all tests of significance
being 2-tailed. All data were analyzed using StataMP 12 (Stata-
Corp LP, College Station, Texas).

Cost Analysis

We undertook a costing analysis from an institutional economic
perspective. The method used to calculate the cost of services is
described in the Ontario Guide to Case Costing [23]. Direct
medical costs included pharmacy, nursing, allied health, labora-
tory, diagnostic imaging, support services, and operating room
costs. Physician fees were estimated from the Schedule of Ben-
efits for Physician Services in Ontario [24]. All costs were calcu-
lated in 2012 Canadian dollars, using Statistics Canada’s
consumer price index for health and personal care [25].

RESULTS

Patient Characteristics
A total of 531 transplant recipients were admitted with 1414
hospitalizations, and were thus eligible for evaluation. Infectious

disease-related complications resulted in a total of 603 (42.6%)
hospitalizations from 306 (57.6%) unique patients. The median
time since transplant was 4.2 years, with 85% of the hospitali-
zations occurring >6 months after transplant. Of the 306
patients with infectious disease-related complications, we ob-
served 111 kidney, 81 liver, 71 lung, 33 heart, and 10 kidney-
pancreas transplant recipients, with 184 (60.1%) being male,
and 138 (45.1%) requiring multiple hospitalizations. Table 1
shows the baseline characteristics for both the full and propen-
sity score-matched cohorts. The distribution of these character-
istics showed substantial differences across consultation groups
in the full cohort, but after propensity score matching, the dif-
ferences across the consultation groups diminished consider-
ably, demonstrated by reductions in the absolute standardized
difference.

Infectious Disease Syndromes and Specialist Consultation
Overall, respiratory (27%), septic bloodstream (13%), liver and
biliary tract (12%), urinary tract (12%), and CMV (10%) infec-
tious syndromes were the most common causes of hospitaliza-
tions (Table 1).

An ID specialist consultation was requested in 272 of the 603
(45%) admissions for infectious disease-related complications.
Among the 272 patients who received an ID consultation, 175
(64%) occurred within 48 hours of admission and were deemed
to have received an early consultation. Patients receiving an ID
consultation were more likely to have chronic renal failure, cen-
tral venous access, culture-positive and polymicrobial infec-
tions, and increased SAPS II and to be receiving steroids.
Logistic regression revealed that SAPS II >16 (odds ratio
[OR] =4.2; 95% confidence interval [CI], 1.8-9.7) and cul-
ture-positive infections (OR = 1.80; 95% CI, 1.2-2.8) were inde-
pendently associated with ID consultation, whereas increasing
age (OR=0.98; 95% CI, .96-.99) and fever on admission
(OR =0.65; 95% CI, .42-.99) were associated with no ID con-
sultation. The frequencies of diagnosed syndromes between
the 2 consultation groups are shown in Figure 1.

In-Hospital Mortality

A total of 32 (10%) patients died in hospital, of whom 20 died
within 28 days of admission; the primary causes were as follows:
respiratory failure (8 patients), septic shock (6), pulmonary em-
bolus (2), multiorgan failure (1), cardiac arrest (1), esophageal
carcinoma (1), and spontaneous bacterial peritonitis (1). The
proportion of patients dying in hospital did not differ between
those who received an ID consultation and those who did not
(2.9% vs 3.6%, P = .820). However, there was a significant diffe-
rence in 28-day in-hospital survival across the 2 consultation
groups as depicted by the Kaplan-Meier survival functions for
both the propensity score-matched and full cohorts (Figure 2
and Supplementary Appendix Figure 2, respectively). In the
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Table 1. Demographic, Transplant, and Selected Clinical Characteristics Among Patients Admitted for Infectious Disease-Related
Complications

Full Cohort Propensity Score-Matched Cohort
No ID Absolute No ID Absolute
ID Consultation Consultation Standardized P ID Consultation Consultation Standardized P
Characteristic (n=272) (n=331) Difference®  Value (n=180) (n=180) Difference®  Value
Age, y, mean (SD) 52.2 (14.3) 53.4 (14.6) 7.9 .337 51.8 (14.0) 52.3 (15.3) 3.6 .738
Male sex 171 (62.9) 201 (60.7) 4.4 591 109 (60.6) 104 (57.8) 5.7 593
Cohort timing
Retrospective 165 (60.7) 218 (65.9) 10.8 .188 110 (61.1) 125 (69.4) 17.3 .097
Prospective 107 (39.3) 113 (34.1) 70 (38.9) 55 (30.6)
Immunosuppression
Tacrolimus 138 (50.7) 171 (61.7) 1.9 .821 9 (49.4) 89 (49.4) 0.0 .999
Cyclosporine 99 (36.4) 116 (35.1) 2.8 731 6 (36.7) 68 (37.8) 2.3 .828
Steroid 237 (87.1) 261 (78.9) 221 .008 152 (84.4) 152 (84.4) 0.0 .999
Mycophenolic acid 180 (66.2) 199 (60.1) 12.6 126 116 (64.4) 115 (63.9) 1.2 913
Organ
Kidney 88 (32.4) 102 (30.8) 3.3 .687 0 (33.3) 63 (35.0) 3.6 740
Liver 66 (24.3) 117 (35.4) 24.2 .003 0 (27.8) 53 (29.4) 3.7 727
Lung 64 (23.5) 0 (27.2) 8.4 .306 7 (26.1) 45 (25.0) 2.6 .810
Heart 49 (18.0) 5 (4.5) 43.6 .001 8(10.0) 15 (8.3) 5.4 .685
Kidney/pancreas 5(1.8) 7(2.1) 2.0 .809 5(2.8) 4(2.2) 4.0 737
SAPS Il
0-6 39 (14.3) 4 (16.3) 5.5 .605 8 (15.6) 31(17.2) 4.6 .670
7-11 71 (26.1) 105 (31.7) 12.4 131 4 (30.0) 49 (27.2) 6.1 .561
12-16 77 (28.3) 9 (29.9) 3.5 .668 3 (29.4) 51 (28.3) 24 817
>16 85 (31.3) 3(22.1) 20.9 .011 5 (25.0) 49 (27.2) 5.0 .632
Diabetes mellitus 122 (44.9) 140 (42.3) 5.1 529 6 (42.2) 78 (43.3) 2.2 .832
Chronic renal failure 87 (32.0) 9 (23.9) 18.1 .026 6 (25.6) 55 (30.6) 11.2 292
Dialysis dependent 27 (9.9) 1(9.4) 1.9 817 6 (8.9) 18 (10.0) 3.8 719
Central venous 122 (44.9) 9 (26.9) 38.1 .001 1(33.9) 69 (38.3) 9.4 .381
access
Leukopenia 104 (38.2) 141 (42.6) 8.9 278 75 (41.7) 67 (37.2) 9.1 .390
Fever on admission 77 (28.3) 116 (35.1) 14.5 .078 54 (30.0) 55 (30.6) 1.2 .909
Acute rejection past 31(11.4) 33 (10.0) 4.6 572 22 (12.2) 21 (11.7) 1.8 .871
30d
Culture-positive 175 (64.3) 158 (47.7) 3.9 .001 103 (567.2) 101 (56.1) 2.3 .832
infection
Polymicrobial 52 (19.1) 38 (11.5) 21.3 .009 27 (15.0) 28 (15.6) 1.5 .884
infection
Multidrug-resistant 62 (22.8) 71 (21.5) 3.2 .693 34 (18.9) 39 (21.7) 6.7 514
infection
Infectious syndrome
Respiratory 73 (26.8) 85 (25.7) 2.6 748 48 (26.7) 44 (24.4) 5.0 .630
Sepsis 41 (15.1) 38(11.5) 10.6 194 24 (13.3) 24 (13.3) 0.0 .999
Liver and biliary 26 (9.6) 49 (14.8) 16.1 .052 19 (10.6) 17 (9.4) 3.4 726
tract
Genitourinary 25 (9.2) 6 (13.9) 14.7 .075 21 (11.7) 23 (12.8) 3.5 748
CMV infection 34 (12.5) 9 (5.7) 23.6 .003 13 (7.2) 17 (9.4) 7.8 447
Gastrointestinal 20 (7.4) 1(6.3) 4.0 .625 13(7.2) 12 (6.7) 2.2 .836
Fever of unknown 16 (6.9) 6 (10.6) 17.1 .039 14 (7.8) 18 (10.0) 8.1 460
origin
Other 37 (13.6) 38 (11.5) 6.4 433 28 (15.6) 25 (13.9) 5.0 .657

Proportions are reported as No. (%). Continuous variables are reported as mean (SD).
Abbreviations: CMV, cytomegalovirus; ID, infectious disease; SAPS Il, Simplified Acute Physiology Score II; SD, standard deviation.
@ Absolute standard difference in means or percentages divided by an evenly weighted pooled SD, or the difference between groups in number of SD [20].

Transplant Infectious Disease Consultations e CID 2014:59 (15 October) o 1077



100%

80% 10 19 7

87 5
46 49 35
60% - - 14
40% -
19
- 73 H H I
0%
N & P & O ¢ S & P @
<& & & & & @ %ca& «° O @ &
P v ¢ & & & @ 3
\"9‘3 vix\ & ar& z{.\\\& \5-\ 2
"5*‘\(\ o ¢ o &

= |D Consult No ID Consult

Figure 1. Number of cases by infectious syndrome for those receiving and not receiving an infectious disease (D) specialist consultation. Number of
patients shown on bar and proportion of total shown on the y-axis. ID consultation was more likely to be requested for those admitted for skin/soft tissue
(P=.024) or cytomegalovirus infection (P=.004), but less likely for those admitted for fever of unknown origin (P=.039) and intra-abdominal infections
(P=.048). All comparisons by  test. Abbreviations: CMV, cytomegalovirus; FUO, fever of unknown origin; ID, infectious disease.
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Figure 2. Kaplan—Meier curve illustrating the effect of infectious disease (ID) consultation (dashed line) vs no ID consultation (solid line) on 28-day
hospital mortality for the propensity score—matched cohort. Hazard ratios (HRs) reported are for those receiving an ID specialist consultation relative to
those not receiving one. A relative HR <1 indicates a reduced hazard of death among those receiving an ID specialist consultation. Abbreviations: HR, hazard
ratio; ID, infectious disease.

1078 e CID 2014:59 (15 October) e Hamandi et al



Table 2. Cox Proportional Hazards Models for the Relation
Between Infectious Disease Specialist Consultation and 28-Day
Hospital Mortality

Model HR 95% Cl P Value

Full cohort, unadjusted 0.34 .14-.83 .018

Full cohort, adjusted for SAPS Il and 0.29 .12-.70 .007
time posttransplant

Propensity score—-matched cohort 0.33 .12—-.89 .029

HRs reported are for those receiving an infectious disease specialist
consultation relative to those not receiving one. A relative HR <1 indicates a
reduced hazard of death among those receiving an infectious disease
specialist consultation.

Abbreviations: Cl, confidence interval; HR, hazard ratio; SAPS II, Simplified
Acute Physiology Score II.

propensity score-matched cohort, maximum follow-up times
were 106 and 61 days for the ID vs non-ID consultation groups,
respectively. Restricted (to the longest follow-up time) mean in-
hospital survival times were 75.7 and 42.6 days for the ID vs
non-ID consultation groups, respectively. The Cox proportional
hazards model confirmed a significant hazard reduction among
those receiving an ID consultation (hazard ratio = 0.33; 95% CI,
.12-.89). Cox proportional hazards models for the full cohort,
both unadjusted and adjusted, also displayed similar hazard re-
ductions (Table 2). Sensitivity analyses suggest these results are
likely robust with respect to the partially clustered nature of our
dataset (Supplementary Appendix 1).

Length of Stay, Cost of Hospitalization, and Hospital Readmission
Overall, the mean (SD) LOS was 10.8 (18.2) days, with mean
(SD) medical costs of $21 365 ($53 266). Table 3 displays the re-
sults of the healthcare resource utilization among the 2 consul-
tation groups. The median LOS was significantly longer for
patients receiving an ID consultation, contributing to a signifi-
cant difference in median hospitalization costs. In the propen-
sity score-matched cohort, mean in-hospital costs were $19 619
for the ID vs $13 923 for the non-ID consultation group, result-
ing in an excess cost of $5696, 33.1 life-days gained, and a

calculated cost-effectiveness ratio of $62 811 per life-year
gained. GLM regression estimated the increased cost of hospi-
talization to be 1.4 times that of not receiving an ID consulta-
tion (P =.079; Supplementary Appendix Table 2B). We also
found that patients receiving an ID consultation were less likely
to be readmitted within 30 days of their hospital discharge com-
pared with those not referred to an ID specialist (16.9% vs
23.9%, P =.036).

Sensitivity analysis around the timing of consultations re-
vealed that early ID specialist referral was associated with a re-
duction in median LOS (6.9 days vs 9.8 days, P=.001) and
median hospitalization cost ($9070 vs $13 033, P=.003) com-
pared with late referral in the full cohort of patients. Using the
propensity score-matched cohort, the median LOS and hospi-
talization costs did not differ significantly between those who
received an early vs no ID consultation (Table 4). Furthermore,
an early consultation led to mean cost savings of $432 com-
pared with no ID consultation.

DISCUSSION

Infectious disease-related complications represent a significant
burden in SOT recipients, but this large single-center study
demonstrated that formal consultation with an ID specialist
was associated with a reduction in 28-day mortality. Although
increased healthcare resource utilization was associated with
those receiving ID consultation, this increase was mitigated
when referrals occurred within 48 hours of admission, and
any ID consultation was associated with lower readmission
rates.

The impact of ID specialists has been demonstrated in several
clinical settings, but to our knowledge, this is the first study to
specifically address this issue in SOT recipients. Using a nation-
al Medicare claims database, Schmitt et al reported that ID
specialist intervention was associated with a reduction in both
30-day mortality (OR =0.87) and readmissions (OR = 0.96)
compared with no ID intervention [26]. Additionally, early con-
sultation within 2 days of admission was associated with

Table 3.
and Without an Infectious Disease Specialist Consultation

Length of Stay and Total Costs of Hospitalization Among Patients Admitted for Infectious Disease-Related Complications With

Propensity Score-Matched Cohort

Length of Stay/Cost Overall (n=603) ID Consultation (n = 180) No ID Consultation (n =180) P Value

Length of stay, d 5.5 (3.3-10.2) 7.0 (4.0-11.8) 5.0 (3.0-8.8) .002
(n=179) (n=176)

Hospitalization costs, $CDN 7432 (4414-15299) 9652 (5367-17 706) 6192 (4053-13 143) .003

Data are presented as median (interquartile range). Five admissions were excluded from the cost analysis as a result of missing data.

Abbreviation: ID, infectious disease.

Transplant Infectious Disease Consultations e CID 2014:59 (15 October) e 1079


http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciu522/-/DC1
http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciu522/-/DC1

Table 4. Length of Stay and Total Costs of Hospitalization Among Patients in the Propensity Score—-Matched Cohort Receiving an Early

and Late Versus No Infectious Disease Specialist Consultation

Early ID Consultation

No ID Consultation

Late ID Consultation  No ID Consultation

Length of Stay/Cost (n=119) (n=119) P Value (n=61) (n=61) P Value

Length of stay, d 5.5 (3.8-10.2) 5.1 (2.9-10.2) 315 8.2 (4.9-16.2) 47 (3.3-6.8) <.001
(n=117) (n=117) (n=61) (n=58)

Hospitalization costs, SCDN 8106 (5230-14861) 6912 (4204-15173) .631 12 148 (6283-23332) 5549 (3956-10544)  <.001

Data are presented as median (interquartile range). Consults by ID specialists occurring within 48 hours of admission were classified as early interventions. Five

admissions were excluded from the cost analysis as a result of missing data.
Abbreviation: ID, infectious disease.

significantly shorter lengths of stay and decreased overall char-
ges and payments [26].

Previous literature has suggested that the risk of nosocomial
and opportunistic infections in SOT recipients peaks during
the first 6 months, but more recently it has been demonstrated
that the etiology and related mortality after 6 months is only
slightly different and still poses a significant burden [27]. Admit-
ting physicians may overlook the need to be more vigilant in di-
agnosing late infections. Because we did not use an incidence
cohort, the majority of hospitalizations occurred >6 months post-
transplant; however, despite having a median time of 4.2 years
posttransplant, our cohort of patients was admitted with a variety
of infectious syndromes that are often seen in the early period
after surgery. It may also be more difficult to diagnose infection
in SOT recipients vs nonimmunosuppressed individuals, as
patients may not present with typical signs and symptoms of
infection such as fever [2]. Furthermore, fever may be a marker
of noninfectious processes, such as allograft rejection, which may
complicate accurate diagnoses. Only one-third of those diagnosed
with an infection actually presented with a febrile episode, slightly
less than previously reported [28]. We previously reported that
one-quarter of patients receiving inadequate empiric anti-
microbial therapy did not survive their hospital stay [1]. This
is especially problematic in the context of polymicrobial and
multidrug-resistant isolates, which in this study amounted to
27% and 40% of all culture-positive infections. Despite the
late time frame of these infections, they are clinically burden-
some and these findings underscore the need for careful and
specialized evaluation for infection in this population.

Although ID consultation was associated with improved
patient survival, we also described an associated increase in re-
source utilization. Some have suggested that specialists contrib-
ute unnecessarily to the total cost of care without justified
improvements in clinical or healthcare resource outcomes [29,
30]. Classen et al reported that patients receiving ID consulta-
tion had a longer LOS and higher antibiotic costs compared
with matched controls [30]. Our results were similar, however,
with the salient finding that ID consultation resulted in a

significant mortality benefit. Additionally, the cost of care was
reduced when ID consultation occurred early following admis-
sion, perhaps reflecting the benefits of earlier diagnosis and ap-
propriate treatment. Moreover, ID consultation may help in the
transition of care, as we found patients that were less likely to be
readmitted within 30 days of their hospital discharge had they
received an ID consultation.

Despite a membership of approximately 250 transplant cen-
ters in the United Network for Organ Sharing, only a handful of
these centers actually have a dedicated transplant ID specialist.
Having a dedicated transplant ID specialist may be beneficial to
SOT programs across the nation given the unique infectious
syndromes and risk of mortality if not treated in a timely and
appropriate fashion [1]. Implementation of a hospital policy
of routine ID specialist consultation may lead to more detailed
patient evaluation from an infectious diagnosis perspective and
improved clinical outcomes.

Limitations of this study include the observational nature of
the dataset and the potential for selection bias. For instance, if
we are unable to observe that patients who see specialists are
more severely ill, then the positive effects of specialists on health
outcomes may be understated. We attempted to overcome this
bias through propensity score matching on severity of illness,
age, comorbidities, and other variables. We also utilized various
sensitivity analyses to confirm our estimates. With a limited co-
hort of patients, we did not include interaction terms in the re-
gression analyses, which may have revealed situations where ID
consultation may have had a different effect, such as in specific
organ groups or infectious syndromes. Despite not capturing
informal or “curbside” consultations, our results continued to
show a benefit for those receiving formal consultations.
Although representing a minority of patients, admissions to
other hospitals were not recorded, which may have underesti-
mated the incidence of infection, and overestimated cost esti-
mates as these patients were managed in a community setting
rather than a more specialized center. Given that this study
was conducted during summer months in a single center, the
results reported are reflective of this sampling period and
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institutional-specific practices. However, excluding winter
months may provide a more conservative estimate of both base-
line and the effect of ID consultation on patient mortality, given
that seasonal respiratory infections may be more difficult to di-
agnose and ID specialists may be more proficient at providing
appropriate treatment.

In summary, this cohort study suggests that infectious
disease-related complications continue to pose a clinical and
economic burden on the healthcare system several years after
the initial transplant period. In addition, there is an association
between an ID specialist consultation and improved patient out-
comes both during and after hospitalization. The healthcare
costs associated with specialist care can be significantly reduced
when referrals are made early in the course of patient care. In
this era of cost containment, the role of a specialist needs to
be carefully weighed against not only the associated incremental
costs, but the clinical and future economic benefits of special-
ized care. Future studies may focus on the cost-effectiveness
of such strategies, which, based on our results, may increase cur-
rent direct costs, but may improve patient outcomes and may be
beneficial in preventing future hospitalizations.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.

Notes

Acknowledgments. 'We give sincere thanks to Lucie Pivnick and Andrea
Morillo for their meticulous attention to detail during the data collection
process. The authors are grateful to Dr Douglas E. Faries for his advice
and insight into the statistical analysis required for this study.

Author contributions. B.H., E. A. P, and S. H. participated in research
design. B. H. and S. H. participated in the performance of the research. B. H,,
E. A. P, and S. H. participated in data analysis. B. H,, E. A. P., A. H., and
S. H. participated in the writing of the paper.

Potential conflicts of interest. ~All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Hamandi B, Holbrook AM, Humar A, et al. Delay of adequate empiric
antibiotic therapy is associated with increased mortality among solid-
organ transplant patients. Am J Transplant 2009; 9:1657-65.

2. Fishman JA. Infection in solid-organ transplant recipients. N Engl J
Med 2007; 357:2601-14.

3. Hosseini-Moghaddam S, Husain S. Fungi and molds following lung
transplantation. Semin Respir Crit Care Med 2010; 31:222-33.

4. Lupei MI, Mann H]J, Beilman GJ, Oancea C, Chipman JG. Inadequate
antibiotic therapy in solid organ transplant recipients is associated with
a higher mortality rate. Surg Infect 2010; 11:33-9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Linden PK. Approach to the immunocompromised host with infec-

tion in the intensive care unit. Infect Dis Clin North Am 2009; 23:
535-56.

. Cosgrove SE, Patel A, Song X, et al. Impact of different methods of feed-

back to clinicians after postprescription antimicrobial review based on
the Centers for Disease Control and Prevention’s 12 steps to prevent an-
timicrobial resistance among hospitalized adults. Infect Control Hosp
Epidemiol 2007; 28:641-6.

. Roberts RR, Hota B, Ahmad I, et al. Hospital and societal costs of an-

timicrobial-resistant infections in a Chicago teaching hospital: implica-
tions for antibiotic stewardship. Clin Infect Dis 2009; 49:1175-84.

. Jenkins TC, Price CS, Sabel AL, Mehler PS, Burman WJ. Impact of rou-

tine infectious diseases service consultation on the evaluation, manage-
ment, and outcomes of Staphylococcus aureus bacteremia. Clin Infect
Dis 2008; 46:1000-8.

. Honda H, Krauss MJ, Jones JC, Olsen MA, Warren DK. The value of

infectious diseases consultation in Staphylococcus aureus bacteremia.
Am ] Med 2010; 123:631-7.

Robinson JO, Pozzi-Langhi S, Phillips M, et al. Formal infectious
diseases consultation is associated with decreased mortality in Staphy-
lococcus aureus bacteraemia. Eur J Clin Microbiol Infect Dis 2012;
31:2421-8.

Pragman AA, Kuskowski MA, Abraham JM, Filice GA. Infectious
disease consultation for Staphylococcus aureus bacteremia improves
patient management and outcomes. Infect Dis Clin Pract 2012;
20:261-7.

Nagao M, linuma Y, Saito T, et al. Close cooperation between infectious
disease physicians and attending physicians can result in better manage-
ment and outcome for patients with Staphylococcus aureus bacteraemia.
Clin Microbiol Infect 2010; 16:1783-8.

Le Gall JR, Lemeshow S, Saulnier F. A new simplified acute physiology
score (SAPS II) based on a European/North American multicenter
study. JAMA 1993; 270:2957-63.

Humar A, Michaels M. American Society of Transplantation recom-
mendations for screening, monitoring and reporting of infectious com-
plications in immunosuppression trials in recipients of organ
transplantation. Am J Transplant 2006; 6:262-74.

Garner J, Jarvis W, Emori T, Horan T, Hughes J. CDC definitions for
nosocomial infections, p. A1-A20. APIC infection control and applied
epidemiology: principles and practice. St Louis, MO: Mosby, 1996.
Braitman LE, Rosenbaum PR. Rare outcomes, common treatments:
analytic strategies using propensity scores. Ann Intern Med 2002;
137:693-5.

D’Agostino RB Jr. Propensity score methods for bias reduction in the
comparison of a treatment to a non-randomized control group. Stat
Med 1998; 17:2265-81.

Arpino B, Mealli F. The specification of the propensity score in multilevel
observational studies. Comput Stat Data Anal 2011; 55:1770-80.
Austin PC. An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivariate Behav
Res 2011; 46:399-424.

Zhang XD. Strictly standardized mean difference, standardized mean
difference and classical t-test for the comparison of two groups. Stat
Biopharm Res 2010; 2:292-9.

Blough DK, Ramsey SD. Using generalized linear models to assess
medical care costs. Health Serv Outcomes Res 2000; 1:185-202.
Manning WG, Mullahy J. Estimating log models: to transform or not to
transform? J Health Econ 2001; 20:461-94.

Ontario Case Costing Initiative. Ontario guide to case costing. Report
No. Rev 7.0. Toronto: Ontario Ministry of Health and Long-Term
Care, 2010.

Ontario Ministry of Health and Long-Term Care. Schedule of benefits
for physician services under the health insurance act. Toronto: Ontario
Ministry of Health and Long-Term Care, 2013.

Statistics Canada. Table 326-0021 consumer price index, health and
personal care, by province (table). CANSIM (database). Available at:

Transplant Infectious Disease Consultations e CID 2014:59 (15 October) e 1081


http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/ciu522/-/DC1
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org

26.

27.

http://wwwb5.statcan.gc.ca/cansim/a26¢lang=eng&id=3260021&p2=17.
Accessed 15 January 2014.

Schmitt S, McQuillen DP, Nahass R, et al. Infectious diseases specialty
intervention is associated with decreased mortality and lower healthcare
costs. Clin Infect Dis 2014; 58:22-8.

San Juan R, Aguado J, Lumbreras C, et al. Incidence, clinical character-
istics and risk factors of late infection in solid organ transplant recipi-
ents: data from the RESITRA study group. Am J Transplant 2007;
7:964-71.

28.

29.

30.

Savitsky EA, Votey SR, Mebust DP, Schwartz E, Uner AB, McCain S.
A descriptive analysis of 290 liver transplant patient visits to an emer-
gency department. Acad Emerg Med 2000; 7:898-905.

Greenfield S, Nelson EC, Zubkoff M, et al. Variations in resource utili-
zation among medical specialties and systems of care. Results from the
medical outcomes study. JAMA 1992; 267:1624-30.

Classen DC, Burke JP, Wenzel RP. Infectious diseases consultation: im-
pact on outcomes for hospitalized patients and results of a preliminary
study. Clin Infect Dis 1997; 24:468-70.

1082 e CID 2014:59 (15 October) e Hamandi et al


http://www5.statcan.gc.ca/cansim/a26?lang=eng&#38;id=3260021&#38;p2=17


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


