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Abstract

Objective: Infectious diseases (ID) consultation has contributed to improving outcomes in hospitalized patients. However, the timing of sign-
ing off on ID consultation varies, depending on the consulting ID physician. We studied the descriptive epidemiology of treatment-related
adverse events (ADEs) occurring after the ID physician has signed off on consultation and the epidemiology and predictors of nonadherence
to ID recommendations in the post–sign-off period.

Methods: This retrospective cohort study was conducted at a Japanese tertiary-care center. All patients who received ID consultation between
January and December 2019 and treatment recommendations for a confirmed or suspected infectious disease were included. The incidence of
any treatment-related ADE after signing off, nonadherence to the final ID recommendations, and factors associated with nonadherence to the
ID recommendations were identified.

Results: In total, 367 patients receiving ID consultation were included. The incidence of post–sign-off events during index hospitalization was
59 (16.1%) of 367, with antimicrobial-associated ADEs accounting for 26 events (44.1%) and HAIs accounting for 13 events (22.0%).
After excluding patients who discontinued treatment, nonadherence to ID recommendations was identified in 55 (15.7%) of 351 patients.
Newly acquired HAIs during the index hospitalization after signing off on ID consultation was an independent risk factor for nonadherence to
ID recommendations (adjusted odds ratio, 3.78; 95% confidence interval, 1.14–12.52).

Conclusions: Post–sign-off events were common and led to nonadherence to ID recommendations during the post–sign-off period. Because
this nonadherence occurs for various reasons, patients may require continued attention after signing off to ensure their safety.

(Received 30 November 2022; accepted 20 January 2023)

Almost all physicians in a hospital prescribe antimicrobials, and
their attitudes toward prescribing antimicrobials are influenced
by the characteristics of the patient population, the physician’s pre-
scribing habits, local resistance patterns, and the antimicrobial
agents available in their hospital.1 Although prescribing antimicro-
bials for a severe bacterial infection is appropriate, inappropriate
antimicrobial use can result in various, adverse outcomes, includ-
ing antimicrobial resistance (AMR), drug toxicity, and even
death.2–5

Infectious diseases (ID) consultation has contributed to reduc-
ing inappropriate antimicrobial prescriptions and has thereby

improved patient outcomes.6–8 Typically, the ID consultant pro-
vides a recommendation after examining a patient, monitors the
patient daily, then signs off when deemed appropriate after issuing
final recommendations on continued care. Signing off occurs at the
discretion of each ID consultant, and its optimal timing remains
unclear. Even the best recommendations are rendered ineffective9

if the patient fails to adhere to the recommendations, and under-
standing the factors affecting adherence is necessary to improve
post–sign-off patient care. However, research on health-related
events after ID consultants have signed off is scarce. The incidences
of other healthcare-associated infections (HAIs) during index
hospitalization and antimicrobial use not included in the ID con-
sultant’s final recommendations remain unknown, as do other out-
comes such as nosocomial onset of fever, new-onset HAIs, and
adverse drug effects (ADEs) caused by the recommended antimi-
crobial agents.

We investigated the clinical courses of patients after ID
consultants signed off, including additional antimicrobial use
and in-hospital complications related to antimicrobial use, such
as antimicrobial-associated ADEs and HAIs. Our research
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included the epidemiology and predictors of nonadherence to ID
recommendations after the termination of consultation.

Methods

Study design and setting

This retrospective cohort study included data from January 2019 to
December 2019 at Tokyo Metropolitan Tama Medical Center, a
790-bed tertiary-care center with 34 subspecialties, including a
division of infectious diseases. In July 2013, ID consultation was
begun by an infectious diseases physician certified by the
American Board of Internal Medicine (ABIM). ID consultation
at the study center is delivered in a manner similar to that at
US institutions. The division of infectious diseases at the study
center has no dedicated hospital beds and only provides hospi-
tal-wide ID consultations on request. Overall, ∼700 patients annu-
ally receive ID consultations at the request of the primary care
team. Attending physicians may request consultation via a tele-
phone call to the ID physician in charge. These requests are
answered during working hours, and only urgent cases are handled
overnight or on weekends. During the study period, 2 board-cer-
tified attending physicians with ID consultation credentials, 2 ID
fellows, and rotating residents provided ID consultation. The ID
consultation team performed daily rounds, including onweekends,
to monitor the patients under consultation and documented their
clinical assessments and treatment recommendations in the
electronic medical records (EMRs) until signing off. All of these
recommendations were later communicated by telephone or in
person to the primary physician. All ID recommendations and
the decision to sign off were made under the supervision of the
attending ID physicians, who also made the decision to sign-off
on ID consultations for clinically stable patients, those receiving
no antimicrobial therapy, and those with a management plan
for any current infection.

Participants

Patients who received ID consultation or treatment recommenda-
tions for a confirmed or suspected infection were enrolled. If the
patients had received multiple ID consultations during index hos-
pitalization or were admitted more than once during the study
period, only the first ID consultation was included. The exclusion
criteria were (1) outpatients, (2) curbside consultations (ie, tele-
phone consultations), (3) cases in which an ID consultant recom-
mended discontinuation of antimicrobial therapy as the final
recommendation, and (4) cases in which an ID consultant recom-
mended the use of specific antimicrobials without specifying the
treatment period as the final recommendation. The institutional
review board at the study center approved this study.

Data collection and definitions

All data were retrospectively extracted by a manual review of
EMRs. Data on patient demographics, antimicrobial allergy, pre-
existing medical conditions, length of hospital stay (LOS), status
at discharge, consultant specialty, the reason for ID consultation,
dates of ID consultation and signing off, infectious disease
diagnosis, antimicrobial use, and post–sign-off events during the
treatment of an established infection (ie, treatment failure, antimi-
crobial-associated ADEs, HAIs, withdrawal of care, ID re-consul-
tation) were collected. HAI was defined as any infection associated
with the index hospitalization and appearing 48 hours or more
after admission.10 Nonadherence to ID recommendations and

reasons for nonadherence were also collected in a review of each
patient’s EMR.Adherence to ID recommendationswas defined as fol-
lowing the ID consultant’s final recommendation, including the anti-
microbial regimen, dosing, and treatment duration. Patients receiving
ID reconsultation during the treatment of an established infection
after signing off and who were following the consultant’s final recom-
mendations were included in the adherence group.

Statistical analysis

Categorical variables were expressed as a number and percentage,
and continuous variables were expressed as the median with the
interquartile range (IQR). In univariate analysis, categorical vari-
ables were compared using the χ2 test or the Fisher exact test as
appropriate, and continuous variables were compared using the
Mann-Whitney U test.

Multivariate logistic regression was performed to predict the
factors associated with nonadherence to ID recommendations.
Variables of interest and factors related to nonadherence to ID rec-
ommendations in a previous study, including primary service,9

were forced into the final model. Additionally, for factors of inter-
est or factors with P < .10 on univariate analysis with clinical plau-
sibility, multicollinearity was assessed by examining variance
inflation factors and 2×2 tables to ensure the independence of
the explanatory variables. The Hosmer-Lemeshow test was used
to assess the goodness-of-fit of the logistic regression model. All
tests for significance were 2-tailed, and P < .05 indicated statistical
significance. We calculated 95% confidential intervals (CIs). All
analyses were performed using Stata version 16 software
(StataCorp, College Station, TX).

Results

During the study period, among 740 patients who received ID
consultation, 367 met the inclusion criteria and their cases were
analyzed (Fig. 1). Supplementary Table 1 shows the clinical char-
acteristics; their median age was 70 years (interquartile range
[IQR], 56–80), and 197 (53.7%) were male. The department of
critical caremedicine provided 49 (13.4%) of the 367 consultations,
followed by the general surgery department, which provided 48
consultations (13.1%), and the orthopedic department, which pro-
vided 47 consultations (12.8%). Management of confirmed or
established infectious diseases was the most common reason for
requesting ID consultation (n= 214, 58.3%). Table 1 shows the
post–sign-off events and outcomes in patients with ID consulta-
tion. Post–sign-off events occurred in 59 (16.1%) of 367 patients;
antimicrobial-associated ADEs accounted for 26 (44.1%) of these
59 cases and HAIs accounted for 13 (22.0%) of these cases. Care,
including antimicrobial therapy, was discontinued in 16 (27.1%) of
these 59 patients. ID reconsultation during the post–sign-off
period was requested in 44 (12.0%) of all 367 patients with a
post–sign-off event, and ID reconsultation was provided to 36
(61.0%) of the 59 patients with a post–sign-off event. The in-hos-
pital mortality rate in the study cohort was 8.2% (30 of 367).

Table 2 shows the details of nonadherence to subsequent ID
recommendations. Nonadherence to ID recommendations was
identified in 55 (15.7%) of 351 patients. Also, 25 (45.5%) of these
55 patients discontinued antimicrobial therapy before the recom-
mended date; the most common reason was patient transfer or dis-
charge (n= 10, 18.2%). Meanwhile, 30 patients (54.5%) continued
their antimicrobial therapy.

In multivariate analysis, 5 variables of interest were included in
the final model based on the total number of cases of nonadherence
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to ID recommendations (following the rule-of-thumb of 1 covari-
ate per 10 events): age, antimicrobial-associated adverse drug
event, treatment failure of an established infection, new HAIs,
and variables associated with nonadherence to ID recommenda-
tion in a previous study (ie, primary service). The Hosmer-
Lemeshow test was used for goodness of fit for logistic regression
with P = .351. Development of a new HAI after sign off was inde-
pendently associated with nonadherence to ID recommendations
(adjusted odds ratio, 3.78; 95% CI, 1.14–12.52) (Table 3). Table 4
shows the differences in outcomes between the nonadherence and
the adherence groups. Length of hospital stay was longer in
patients who did not adhere to the ID recommendations (35 vs
30 days; P = .019).

Discussion

We examined the clinical course of patients receiving ID consul-
tation during the post–sign-off period and the epidemiology of
nonadherence to ID recommendations during the same period.
Post–sign-off events related to antimicrobial therapy were fre-
quently observed, and the development of new HAIs during this
period was independently associated with nonadherence to ID rec-
ommendations. Moreover, nonadherence occurred in nearly one-
sixth of the patients and indicated a need for additional approaches
by treating physicians to ensure continued patient safety and care.

Various adverse events (AEs) occur during hospitalization.
Previous studies have shown their incidence to be ∼10%.11–13 In
line with these studies, we also found post–sign-off events related
to antimicrobial therapy in 16% of the cohort, with AEs, namely
HAIs and antimicrobial-associated ADEs, accounting for 10% of
the cases. These findings demonstrate that patient safety declined
during the post–sign-off period. Interestingly, a 22 (84.6%) of
26 patients received a reconsultation for issues related to an

established infection (eg, antimicrobial-associated ADE (or treat-
ment failure; 4 of 4, 100%); however, only 9 (69.2%) of 13 patients
received reconsultation for a newly acquired HAI. Notably, the
development of a new HAI after sign off led to nonadherence to
ID recommendations. Presumably, the treating physicians were
reluctant to request further consultation or were confident of treating
the cases without consultation. Because HAIs are more likely to
involve AMR and are potentially preventable,14,15 proactive ID con-
sultation to avoid post–sign-off events is strongly recommended. For
example, a weekly audit of patients during the sign-off period and the
proactive offer of further consultation by the ID physicianmay enable
early intervention to minimize potential harms to the patient. Also,
the establishment of a multidisciplinary approach involving nurses
and antimicrobial stewardship pharmacists may help facilitate ID
reconsultation to deal with post–sign-off events.

Adherence to ID recommendations was independently associ-
ated with favorable patient outcomes.10,16 According to previous
studies, the nonadherence rate was 18%–40% and varied by the
type of recommendation9,10,16,17; recommendations for antimicro-
bial treatment (nonadherence rate, 8%–17%) weremore acceptable
than those for diagnostic or monitoring tests (nonadherence rate,
13%–35%).9,16–18 Because we focused on therapeutic management,
the nonadherence rate was well within the reported range at 15.7%,
consistent with the findings of previous studies.9,16–18 However, for
31% of patients who did not adhere to the recommendations, the
attending physician prematurely discontinued antimicrobial
therapy because of the patient discharge, transfer, or clinical
improvement (Table 2). Although data on outcomes following
hospital discharge were not collected, treatment failure caused
by inadequate antimicrobial use did occur.19 In contrast, 15% of
patients who did not adhere to ID recommendations received pro-
longed antimicrobial therapy beyond the recommended duration
because of abnormal laboratory findings or clinical deterioration.

Fig. 1. Patient selection. Note. ID, infectious
diseases.
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Simply prolonging antimicrobial therapy without assessing such
developments is unlikely to lead to favorable patient outcomes.
Moreover, unnecessary antimicrobial use may promote antimicro-
bial-associated AEs and AMR.3,5 Prolonging antimicrobial therapy
also suggests the treating physicians’ lack of knowledge or aware-
ness about AMR; fear of more serious, infectious disease-related
complications; or fear of overlooking an infection.1,20 Indeed,
changing physicians’ antimicrobial prescribing behaviors is chal-
lenging. However, confirmation of the correctness of consulta-
tion-based changes to antimicrobial therapy by the ID physician
and the deployment of a multidisciplinary approach, as mentioned
above, may strengthen the treating physicians’ confidence in the
correctness of their actions and raise their awareness of the
importance of appropriate therapy and adherence to ID recom-
mendations. Furthermore, ID physicians should understand
that nonadherence to their recommendations will sometimes
occur during the post–sign-off period, and they must constantly
strive to improve adherence.

In the present study, length of hospital stay (LOS) was longer in
the nonadherence group than in the adherence group owing either

to the confounding of longer LOS and ID consultation by the
development of post–sign-off events or to nonadherence to ID
consultation resulting in increased LOS. Notably, the development
of new HAIs more frequently occurred in the nonadherence group
after the sign off. Obviously, in-hospital AEs led to prolonged
LOS.11,12 Moreover, nonadherence itself might induce excessive
antimicrobial use leading to unnecessary hospitalization. In fact,
more than half of patients not adhering to ID recommendations
received antimicrobials for a prolonged period in our study.
Although the current study showed no difference in the mortality
rate between the groups, nonadherence to ID recommendations
should beminimized because prolonged hospitalization (including
hospitalization due to nonadherence) is a potential cause of addi-
tional AEs and poorer health-related quality of life involving extra
healthcare costs.21 Thus, ensuring adherence to ID recommenda-
tions is warranted for patient welfare.

This study had several limitations. First, because our study was
monocentric and retrospective, its findings may have limited gen-
eralizability, and the data collected may be limited in scope despite
the use of standardized definitions and data collection forms.
Second, the reasons for nonadherence to ID recommendations
were not documented in EMR for approximately one-third of
the nonadherence group in whom potentially modifiable, pre-
scriber-related factors may have been overlooked. Last, even after

Table 1. Post–Sign-Off Events and Outcomes

Variables

Total
(N = 367),
No. (%)a

Post-sign-off events

No events occurred 308 (83.9)

Antimicrobial-associated adverse drug events
occurred

26 (7.1)

Development of new HAI 13 (3.5)

Treatment failure of established infection 4 (1.1)

Withdrawal of care 16 (4.4)

ID reconsultation after sign-off of ID consultation 44 (12.0)

Reason for ID reconsultation (n=44)

Antimicrobial-associated adverse drug events 22 of 44 (50.0)

Development of new HAI 9 of 44 (20.5)

Requirement of changing management of
established infection

7 of 44 (15.9)

Treatment failure of established infection 4 of 44 (9.1)

Non–infection- and non–antimicrobial-associated
adverse drug events

2 of 44 (4.6)

Outcomes

Status at discharge

Discharge home 230 (62.7)

Discharge nursing home 11 (3.0)

Transferred to other non–acute-care hospitals 91 (24.8)

Transferred to other acute-care hospitals 5 (1.4)

Deceased 30 (8.2)

Length of ID consultation, median d (IQR) 8 (5–12)

Length from ID consultation sign-off to discharge,
median d (IQR)

13 (5–30)

Length of hospital stay, median d (IQR) 30 (15–48)

Note. HAI, healthcare-associated infection; ID, infectious disease; IQR, interquartile range.
aUnits unless otherwise specified.

Table 2. Details of Nonadherence to Subsequent ID Recommendation

Variables

Total
(N = 351),a

No. (%)b

Nonadherence to subsequent ID recommendation 55 (15.7)

Reason for nonadherence (n=55)

Antimicrobial therapy was discontinued because “the
patient was scheduled to be transferred or discharged
soon.”

10 of 55 (18.2)

Antimicrobial therapy was discontinued because “the
patient was seemed to be clinically improved.”

7 of 46 (12.7)

Antimicrobial therapy was modified without ID
reconsultation because new HAIs occurred after sign-off
ID consultation

5 of 55 (9.1)

Antimicrobial therapy was modified without ID
reconsultation because antimicrobial-associated adverse
drug events occurred

4 of 55 (7.3)

Antimicrobial therapy was prolonged because “the
patient was sick.”

4 of 55 (7.3)

Antimicrobial therapy was prolonged because of
laboratory abnormalities.

4 of 55 (7.3)

Antimicrobial therapy was discontinued because of
difficult peripheral cannulation.

1 of 55 (1.8)

Reasons not documented 20 of 55 (36.4)

Prolonged recommended antimicrobial therapy beyond
the recommended date

27 of 55 (49.1)

Prolonged antimicrobial therapy without recommended
antimicrobials beyond the recommended date

3 of 55 (5.5)

Stopped recommended antimicrobial therapy before the
recommended date

25 of 55 (45.5)

Note: ID, infectious disease; HAI, healthcare-associated infection.
aPatients with withdrawal of care were excluded (n=16).
bUnits unless otherwise specified.
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Table 3. Factors Associated With Nonadherence to Subsequent ID Recommendationa (n = 351b)

Variables

Nonadherence
(n = 55),
No. (%)c

Adherence
(n = 296),
No. (%)c

Univariate Analysis Multivariate Analysis

Crude OR
(95% CI) P Value

Adjusted OR
(95% CI) P Value

Patient demographics

Age >65 y 40 (72.7) 178 (60.1) 1.77 (0.93–3.34) .080 1.83 (0.94–3.57) .077

Sex, male 29 (52.7) 160 (54.1) 0.95 (0.53–1.69) .856

Any antimicrobial agent allergy 3 (5.5) 26 (8.8) 0.60 (0.17–2.05) .415

Comorbidities

Charlson comorbidity index score, median (IQR) 3 (1–4) 2 (0–4) 1.04 (0.93–1.17) .474

Chronic lung disease 7 (12.7) 26 (8.8) 1.51 (0.62–3.69) .360

Diabetes mellitus 10 (18.2) 64 (21.6) 0.81 (0.38–1.69) .566

Liver disease 13 (23.6) 46 (15.5) 1.68 (0.84–3.38) .144

HIV infection 0 (0) 2 (0.7) 1.00 N/A

Renal disease

Normal renal function 49 (89.1) 273 (92.2) Reference

Chronic kidney disease without hemodialysis 2 (3.6) 3 (1.0) 3.71 (0.60–22.81) .156

Chronic kidney disease with hemodialysis 4 (7.3) 20 (6.8) 1.11 (0.37–3.40) .849

Collagen disease 6 (10.9) 28 (9.5) 1.17 (0.46–2.98) .739

Any malignancies 12 (21.8) 55 (18.6) 1.11 (0.78–1.57) .575

Clinical characteristics at the time of ID consultation

Department

Critical care medicine 4 (7.3) 39 (13.2) Reference Reference

Surgery 28 (50.9) 152 (51.4) 1.80 (0.59–5.42) .299 1.99 (0.65–6.11) .232

Medicine 22 (40.0) 101 (34.1) 2.12 (0.69–6.56) .190 2.02 (0.64–6.31) .229

Other 1 (1.8) 4 (1.4) 2.44 (0.22–27.44) .471 4.24 (0.35–50.93) .255

Reason for ID consultation

Management of documented ID 27 (49.1) 175 (59.1) Reference

Management or diagnosis of presumed ID 28 (50.9) 114 (38.5) 1.59 (0.89–2.84) .115

Management of antimicrobial allergy 0 (0) 7 (2.4) 1.00 N/A

Diagnosis made by ID team

Bloodstream infection/endovascular infectiond 17 (30.9) 101 (34.1) 0.86 (0.46–1.61) .643

Lower respiratory infection 2 (3.6) 16 (5.4) 0.66 (0.15–2.96) .587

Intraabdominal infection/hepatobiliary infection 6 (10.9) 32 (10.8) 1.01 (0.40–2.54) .983

Osteoarticular infection 12 (21.8) 43 (14.5) 1.64 (0.80–3.36) .175

Urinary tract infection 4 (7.3) 28 (9.5) 0.75 (0.25–2.23) .606

SSTI/NSTI 3 (5.5) 17 (5.7) 0.95 (0.27–3.35) .932

Sepsis unknown origin/febrile neutropenia 2 (3.6) 3 (1.0) 3.69 (0.60–22.59) .158

SSI 2 (3.6) 11 (3.7) 0.98 (0.21–4.54) .977

Othere 7 (12.7) 45 (15.2) 0.81 (0.35–1.91) .636

Post–sign-off events

Treatment failure of established infection 2 (3.6) 2 (0.7) 5.55 (0.76–40.24) .090 5.40 (0.72–40.21) .100

Antimicrobial-associated adverse drug events occurred 4 (7.3) 22 (7.4) 0.98 (0.32–2.95) .967 1.14 (0.37–3.50) .819

Development of new HAI 5 (9.1) 8 (2.7) 3.6 (1.13–11.45) .030 3.78 (1.14–12.52) .030

Note. ID, infectious disease: OR, odds ratio; CI, confidence interval; IQR, interquartile range; HIV, human immunodeficiency virus; SSTI, skin and soft-tissue infection; NSTI, necrotizing soft-tissue
infection; SSI, surgical-site infection; HAI, healthcare-associated infection; N/A, not available.
aBased on the total number of cases with nonadherence to ID recommendation following the rule-of-thumb of 1 covariate per 10 events, the final model included 5 variables: the variable
of interest (antimicrobial-associated adverse drug events), the variable associated with nonadherence to ID recommendation in a previous study (primary service), and variables with a
P value< 0.1 on bivariable analysis with clinical plausibility (age, treatment failure of established infection, and new HAIs). The Hosmer-Lemeshow test was used for goodness of fit for logistic
regression, with a P value of 0.351.
bPatients with withdrawal of care were excluded (n = 16).
cUnits unless otherwise specified.
dEndovascular infection included endocarditis, catheter-related bloodstream infection, cardiac implantable electronic device infection, mycotic aneurysm, prosthetic vascular graft infection,
and septic thrombophlebitis.
eIncluded central nervous system infection; sexually transmitted disease; Clostridioides difficile infection; ear, nose and throat infection; cyst infection; pyometra; mediastinitis; phlebitis,
dog bite; pelvic inflammatory disease; tetanus; endometritis; endophthalmitis; and salpingitis.
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adjusting for known predisposing factors, other unmeasured factors
may have contributed to nonadherence to ID recommendations.

In conclusion, despite the treatment recommendations made by
ID physicians, antimicrobial therapy was sometimes modified by
treating physicians following sign-out by the ID physicians. In the
hospital, antimicrobial treatment-related adverse events commonly
occur during the sign-off period, leading to nonadherence to treat-
ment recommendations made by ID physicians. Because nonadher-
ence during this period can have a detrimental effect on patient safety
and outcomes, ID physicians should make clear to the attending
physicians that consultationwill still be available even after signing off.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2023.121
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Table 4. Outcome of Included Patients Stratified by Adherence to Subsequent ID Recommendation (n = 35a)

Variables
Nonadherence (n = 55),

No. (%)b
Adherence (n = 296),

No. (%)b P Value

Status at discharge

Discharge home or nursing home 35 (63.6) 205 (69.2) .410

Transferred-out to other hospitals 17 (30.9) 79 (26.7) .519

Deceased 3 (5.5) 12 (4.1) .637

Length of ID consultation, median d (IQR) 9 (5–14) 8 (4–12) .150

Length from ID consultation sign-off to discharge, median d (IQR) 20 (9–35) 13 (4–30) .016

Length of hospital stay, median d (IQR) 35 (20–62) 30 (15–46) .019

Note. ID, infectious disease; IQR, interquartile range.
aPatients with withdrawal of care were excluded (n = 16).
bUnits unless otherwise specified.
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