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Abstract

Background: Interdepartmental consultations are essential for managing complex inpatient care but are often inefficient.
Hospital-wide, data-driven analyses are needed to guide process improvements; yet, most existing studies have focused on
single departments or specific diseases, leaving a gap in understanding hospital-level collaboration networks. Understanding
these patterns is crucial for optimizing clinical workflows, reducing delays, and improving patient outcomes in large tertiary
hospitals.

Objective: This study aimed to analyze the distribution and network characteristics of interdepartmental consultations across a
large tertiary hospital, focusing on high-frequency collaboration pairs and their disease associations.

Methods: This retrospective cohort study included all interdepartmental consultations for inpatients and emergency patients at
Peking Union Medical College Hospital (Beijing, China) from January 1 to December 31, 2024. Secondary data were extracted
from the Hospital Information System. In total, 102,858 valid consultations involving 42 clinical departments were analyzed.
Outcome measures included consultation requests and receptions per department, per capita request intensity, and pairwise
collaboration volume. High-frequency collaboration pairs were defined as those with an annual consultation volume of 300 or
more. Descriptive statistics (medians and IQRs) and proportions with 95% ClIs were used.

Results: Consultation activity exhibited marked concentration. The Emergency Department issued the most consultation
requests (19,698/102,858, 19.15%), far exceeding the median departmental request volume of 1899.5 (IQR 1359.5-3759.25).
Meanwhile, the Internal Medicine Consultation Service received the highest number of consultations (10,428/102,858,
10.14%), substantially above the median reception volume of 1886.0 (IQR 521.25-4056.75) across departments. The per
capita request intensity varied widely, with Critical Care Medicine highest value (21.64) vs a hospital-wide average of 0.32.
Collaboration demonstrated a strong Pareto distribution: the top 5.37% (65/1210) of department pairs (65 pairs) accounted
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for 42.02% (43,221/102,858) of all consultations. These high-volume pairs were predominantly disease-specific. Examples
include: Endocrinology-Ophthalmology primarily for diabetic and thyroid eye disease (1287/102,858, 1.25%); General
Surgery-Otolaryngology mainly for preoperative thyroid airway assessment (1225/102,858, 1.19%); General Surgery-Clinical
Nutrition for perioperative support (1032/102,858, 1.00%); Endocrinology-Clinical Nutrition for metabolic disease manage-
ment (703/102,858, 0.68%); Orthopedics-Rehabilitation Medicine for postoperative rehabilitation (686/102,858, 0.67%);
Oncology Medical Center-Clinical Nutrition for nutrition support in patients with cancer (681/102,858, 0.66%). Recurring
clinical scenarios generated these stable, predictable consultation pathways.

Conclusions: This study provides a novel, hospital-wide, network-based mapping of interdepartmental consultations using
real-world data. Unlike prior work limited to single departments or diseases, it reveals that collaboration is concentrated,
Pareto-like, and disease-driven. The identification of stable, disease-specific consultation pairs offers a data-driven framework
for understanding multidisciplinary collaboration. These findings offer a data-driven framework for understanding multidisci-
plinary collaboration as a networked system. In practice, administrators and clinicians can use this evidence to prioritize
resources, design standardized multidisciplinary team pathways, and implement spatial or digital interventions to reduce delays

and improve patient flow and outcomes.

J Med Internet Res 2026;28:¢81670; doi: 10.2196/81670
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Introduction

Interdepartmental consultation refers to the activity in
which health care professionals from outside the originat-
ing department are invited to assist in providing diagnostic
or therapeutic opinions, or to offer diagnostic or treatment
services. It serves as a core mechanism for managing complex
conditions, ensuring patient safety, and improving the quality
of care [1-5]. In large general hospitals, patients often
have complex conditions and multiple comorbidities, making
effective interdepartmental consultations crucial for maintain-
ing the continuity and integrity of diagnosis and treatment
[6-11].

The clinical importance of interdepartmental consulta-
tions has been widely recognized in previous studies. For
instance, multidisciplinary consultations have been shown
to improve outcomes in specific disease contexts, such
as sudden cardiac death, postintensive care management,
rectal cancer, and diabetic foot care [2.4,8,10]. Furthermore,
studies have demonstrated that consultation processes can
influence length of stay, hospitalization costs, and emergency
department crowding [12-16]. Several investigators have also
analyzed consultation patterns within single departments or
for particular diseases, including cardiology, pulmonology,
endocrinology, and dermatology, offering detailed accounts
of collaboration patterns, common reasons for referral, and
barriers to efficiency within those specialty contexts [10,17-
20].

Despite the confirmed clinical value of consultations, in
practice, many hospitals face operational challenges such
as delayed consultation responses and low coordination
efficiency [19,21-23]. These issues can impact the timeli-
ness of clinical decision-making, prolong hospital stays,
increase the burden on medical resources, and ultimately
affect health care service efficiency and patient experience [7,
12,15,19,24-29]. However, most studies focus on isola-
ted departments or specific conditions, lacking a hospital-
wide, macro-level analysis of interdepartmental consultation
networks using real-world data [4,6,8,20]. This gap leaves
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hospital administrators and clinicians unable to grasp overall
collaboration patterns, identify bottleneck departments, or
design evidence-based interventions to improve consultation
efficiency and patient flow [7,26,30].

Therefore, systematically analyzing the practical opera-
tional characteristics of intrahospital consultations holds
significant importance for optimizing clinical pathways and
improving hospital operational efficiency.

Specifically, the analysis of hospital-wide consultation
data can support several practical aspects of care and
hospital management. It helps identify common collaboration
patterns and related diseases, enabling research into the value
of multidisciplinary consultations for complex conditions,
such as by examining interactions between gastroenterology,
nutrition, and general surgery for gastrointestinal cases [0,
10,18,31-33]. Operationally, it highlights high-demand or
bottleneck departments, informing workforce planning and
resource allocation. Clinicians, administrators, and design-
ers can use these data to explore ways to shorten consul-
tation response times and enhance consultation processes,
potentially improving patient flow and outcomes [26,30,
34-37]. Additionally, amid China’s ongoing promotion of
smart hospital development, this information can guide the
design of more efficient layouts—for example, by position-
ing frequently collaborating departments closer together and
optimizing the flow pathways for both staff and patients,
which may reduce unnecessary movement and streamline
workflows [38-42].

This study, based on over 100,000 valid consultation
records from Peking Union Medical College Hospital
(PUMCH) in 2024, aims to systematically analyze the
distribution characteristics and collaboration networks of
interdepartmental consultations for inpatients and emergency
patients in a large general hospital. The innovation of this
study lies in being the first to integrate multidimensional
consultation data at the hospital-wide level, constructing a
departmental collaboration network map and systematically
quantifying the distribution patterns of collaboration intensity
and disease-related characteristics. This research may provide
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a foundation for exploring the value of multidisciplinary
consultation in managing complex diseases and for con-
ducting in-depth studies, such as optimizing consultation
processes and spatial layouts to improve staff and patient
flow.

Methods

Inclusion and Exclusion

All consultations submitted and executed through the
Hospital Information System (HIS) for inpatients and
emergency department patients at PUMCH between January
1, 2024, and December 31, 2024, were included, totaling
145,136 consultations. This comprised 125,438 consultations
for inpatients, 1439 consultations for emergency observation
patients, and 18,259 consultations for emergency walk-in
patients.

Outpatient consultations were excluded. Emergency
walk-in patients were included because consultations
requested for them also require consulting physicians from
the respective departments to physically visit the patient’s
bedside. Consultations where the receiving department was a
diagnostic or therapeutic platform department (eg, Depart-
ment of Radiology or Ultrasound) were excluded (n=23,839).
The primary reason for exclusion was that physicians in these
departments do not need to visit the patient’s bedside; they
can provide consultation opinions directly after reviewing
imaging studies in the HIS. Consultations requested from or
received by comprehensive disease units (eg, International
Medical Services and Clinical Research Wards) were also
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excluded (n=18,439). The main reason was that these units
do not differentiate based on specific disease types or
organ systems, making them unsuitable for disease-specific
consultation analysis. Ultimately, consultations involving 42
clinical departments were included, resulting in 102,858 valid
interdepartmental consultations.

Sampling Procedures

All eligible consultation records from January 1, 2024, to
December 31, 2024, were included (full sample). Data were
collected at PUMCH (Beijing, China). All data were extracted
from the HIS as secondary data. The HIS requires complete
entry of all mandatory fields (eg, requesting department,
receiving department, patient identifier, and consultation
time) for each consultation to be formally executed. Conse-
quently, all 102,858 included consultations had complete data
on all variables analyzed in this study.

Measures and Covariates

A consultation was operationally defined as a process
initiated when Department A submitted a consultation request
via the HIS. Upon receipt of this request, Department B
assigned a physician who physically traveled to the inpa-
tient ward of Department A. The consulting physician then
conducted a patient interview, performed a physical examina-
tion, reviewed the medical records, provided a consultation
opinion, and formally executed the consultation within the
HIS. Within this process, Departments A and B constituted
1 distinct department consultation pair, and this sequence of
actions was recorded as 1 valid consultation (Figure 1).

Figure 1. Definition of a valid consultation and a department consultation pair. In this retrospective analysis at Peking Union Medical College
Hospital (Beijing, 2024), a valid consultation required Department A to submit a request via Hospital Information System (HIS) and a physician from
Department B to physically visit the ward to provide an opinion. The ordered pair (A, B) defines a consultation pair.

One valid consultation

Applies for consultation on HIS

Requesting

Receiving

department

@ Accepts consultation on HIS

department

(@ Arrives at patient bedside,

conducts diagnosis or treatment;

documents consultation notes

(® Executes consultation on HIS

One department consulting pair
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Per capita consultation request intensity of the department
was defined as the ratio of the total annual number of
consultation requests made by a department to the total
annual number of inpatients admitted to that department.

Among the participating departments, 2 dedicated
consultation groups were included: the Internal Medicine
Consultation Service and the Surgery Consultation Serv-
ice. The Internal Medicine Consultation Service compri-
ses physicians specifically dedicated to handling internal
medicine consultations. All routine internal medicine
consultation requests within the hospital are initially routed to
this service for preliminary screening. For routine inter-
nal medicine conditions, the Internal Medicine Consulta-
tion Service physician directly performs the consultation.
For complex conditions necessitating specialized internal
medicine expertise, the Internal Medicine Consultation
Service physician transfers the consultation request to the
relevant internal medicine subspecialty department, which
subsequently becomes the receiving department.

The Surgery Consultation Service consists of surgeons
dedicatedly responsible for coordinating hospital-wide
consultations for biopsies of superficial soft tissue lesions.
All other surgical consultation requests are submitted directly
to the pertinent surgical subspecialty department.

It should be noted that several participating depart-
ments, namely the Internal Medicine Consultation Service,
Surgery Consultation Service, Clinical Nutrition Depart-
ment, Anesthesiology Department, Psychological Medicine
Department, Rehabilitation Medicine Department, and
Allergy Department, do not operate inpatient wards. The
aforementioned departments are classified as Platform
Support Departments, which means they do not have
dedicated inpatient wards. Their main function is to pro-
vide professional technical service support to other clini-
cal departments throughout the hospital, such as imaging
diagnosis, anesthesia assessment, nutritional support, and
rehabilitation treatment. Consequently, their consultation
request volume was inherently zero.

Conditions and Design

This was a retrospective cohort study using real-world data.
This study was conducted at PUMCH, a leading tertiary
academic medical center in Beijing, China. As a national
referral center for complex and critical illnesses, PUMCH
ranks number 1 in the National Tertiary Public Hospital
Performance Evaluation. PUMCH has an inpatient bed
capacity of more than 2000 beds, with an average occupancy
rate of approximately 90.4%. In 2024, the hospital recorded a
total of 126,869 inpatient discharges. Additionally, it handles
an annual outpatient volume of around 4.27 million visits and
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an emergency department volume of approximately 287,000
visits. The hospital features a comprehensive department
configuration, high patient volumes, and manages diverse
and complex clinical cases. Notably, PUMCH ranks first
nationally in Case Mix Index, reflecting its role in han-
dling severe and complicated conditions, making it highly
representative for studying multidisciplinary collaborative
care [43].

Ethical Considerations

This retrospective study used deidentified data from routine
hospital operations. Institutional policy granted ethics
exemption (exemption number I-25ZMO0094); the approval
document is included in the supplementary materials. A
waiver of informed consent was approved, as data were
collected under standard care protocols allowing deidenti-
fied secondary use. All data were anonymized; no personal
identifiers were accessible. The study complied with privacy
regulations. No compensation was provided. No identifiable
images are included; therefore, consent for image publication
was not required.

Analytic Strategy

Consultation-related data were exported from the HIS.
Statistical analysis was performed using Microsoft Excel
and SPSS (version 27.0; IBM Corp). Continuous variables,
such as consultation volumes, were described using medians
and IQRs, as the data exhibited a nonnormal distribution
based on the Kolmogorov-Smirnov test. Heatmap analysis
was performed using Python for data processing. Using
the requesting department as row labels and the receiving
department as column labels, a pivot table was created to sum
the number of consultations, generating an initial consulta-
tion matrix. The data underwent log2 transformation for
standardization. The Morpheus visualization tool was used to
generate the heatmap. Different color gradients (blue-white-
red) represent different standardized consultation frequencies:
the blue end represents low consultation frequency, white
represents the median value, and the red end represents high
consultation frequency.

Results

Descriptive Statistics of the Consultation
Dataset

The study analyzed 102,858 interdepartmental consultations
across 42 clinical departments at PUMCH in 2024 (Figure
2). The descriptive statistics of the consultation dataset are
summarized in Table 1.
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Figure 2. Study flowchart for the inclusion of interdepartmental consultation records at Peking Union Medical College Hospital (PUMCH) (2024).
Retrospective study at PUMCH (Beijing, China) from January 1 to December 31, 2024, involving inpatients and emergency patients. After exclusions
(diagnostic platform departments and comprehensive disease units), 102,858 valid consultations from 42 clinical departments were included.

Consultations Occurring at PUMCH in 2024

(n=145,136)

>

Excluded: Consultations where the receiving department was
a diagnostic or therapeutic platform department (n= 23,839).
This included consultations where the receiving department
was Radiology Department (n=21, 656), Radiation Oncology
Department (n=1395), Pharmacy Department (n=372), Blood
Transfusion  Department (n=171), Nuclear Medicine
Department (n=167), Ultrasound Department (n=47),
Laboratory Medicine Department (n=22), and Pathology
Department (n=9).

Annual Inter-Clinical-Department Consultations
(n=121,297)

Excluded: consultations where either the requesting or
receiving department was a comprehensive disease ward
rather than a specialized ward (n= 18,439).

This included consultations where the requesting department
was International Medical Service Ward (n=18, 133), Clinical
Research Ward (n=246), Day Medical Center (n=3), and where
the receiving department was International Medical Service
Ward (n=57).

Final Cohort of Annual Inter-Departmental Consultations
(n=102,858)

Table 1. Hospital characteristics and consultation dataset overview (retrospective study, Peking Union Medical College Hospital, Beijing, 2024).

Category and variable Value
Hospital characteristics
Inpatient bed capacity (beds), n 2182
Average bed occupancy rate, % 90.40
Annual outpatient visits, n 4,273,846
Annual emergency visits, n 287,085
Annual inpatient discharges, n 126,869
Consultation dataset overview
Total consultations, n 102,8582

Inpatient consultations, n (%)
Emergency consultations, n (%)
Clinical departments included, n
Surgical departments, n (%)
Nonsurgical departments, n (%)
Department consulting pairs, n
Consultation volume distribution, median (IQR; range)
Annual consultation requests per department (n=34)

Annual consultation receptions per department (n=42)

Annual consultation volume per department pair (n=1211)

83,1602 (80.85)
19,6982 (19.15)
422

172 (40 47)
25%(59.52)
12112

1899.5 (1359.5-3759.25; 250-19,698)2

1886.0 (521.25-4056.75; 6-10,428)?
270 (7.0-85.0; 1-3094)

Number of departments or consulting pairs.
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Analysis of Consultation Requesting and
Receiving by Departments

The number of consultation requests and acceptances among
the 42 departments at PUMCH in 2024 are detailed in Table 2
and Figure 3.

Table 2. Consultation requesting and receiving status by department at Peking Union Medical College Hospital in 2024 (N=102,858 consultations,

sorted by total consultation volume: requested + received, descending order).

Consultation  Consultations Total consultation volume  Annual inpatient ~ Per capita consultation

Department Category requests, n received, n (requests + received), n (%) admissions, n request intensity

Emergency Department Other 19,698 9 19,707 (9.58) 222,666 0.09

General Surgery Surgery 7434 3934 11,368 (5.53) 6999 1.06

Internal Medicine Internal 0 10,428 10,428 (5.07) 0 N/A?

Consultation Service Medicine

Neurology Internal 4698 5167 9865 (4.80) 1674 2.81
Medicine

Endocrinology Internal 5089 4680 9769 (4.75) 1729 2.94
Medicine

Critical Care Medicine  Other 3743 4425 8168 (3.97) 173 21.64

Gynecology Women & Kids 6543 928 7471 (3.63) 13,027 0.5

Rheumatology and Internal 4826 2278 7104 (3.45) 1443 3.34

Immunology Medicine

Dermatology Other 1123 5850 6973 (3.39) 521 2.16

Orthopedics Surgery 5057 1654 6711 (3.26) 4141 1.22

Clinical Nutrition Other 0 6613 6613 (3.21) 0 N/A

Infectious Diseases Internal 2814 3754 6568 (3.19) 701 4.01
Medicine

Gastroenterology Internal 1677 4881 6558 (3.19) 3526 048
Medicine

Ophthalmology Other 250 6168 6418 (3.12) 7986 0.03

Vascular Surgery Surgery 2741 3599 6340 (3.08) 1837 1.49

Otolaryngology Other 1465 4674 6139 (2.98) 2215 0.66

Cardiology Internal 2833 2590 5423 (2.64) 3477 0.81
Medicine

Anesthesiology Other 0 5307 5307 (2.58) 0 N/A

Urology Surgery 3024 2277 5301 (2.58) 3962 0.76

Nephrology Internal 2680 1988 4668 (2.27) 1784 1.5
Medicine

Respiratory Medicine  Internal 2689 1881 4570 (2.22) 5489 0.49
Medicine

Hematology Internal 1788 2257 4045 (1.97) 3138 0.57
Medicine

General Medicine Internal 3808 13 3821 (1.86) 677 5.62
Medicine

Cardiac Surgery Surgery 2011 1318 3329 (1.62) 629 32

Neurosurgery Surgery 1500 1696 3196 (1.55) 2538 0.59

Traditional Chinese Other 1552 1524 3076 (1.50) 538 2.88

Medicine

Psychological Other 0 2855 2855 (1.39) 0 N/A

Medicine

Rehabilitation Other 0 2763 2763 (1.34) 0 N/A

Medicine

Thoracic Surgery Surgery 1298 1423 2721 (1.32) 3383 0.38

Geriatrics Internal 2574 64 2638 (1.28) 586 4.39
Medicine

Stomatology Other 678 1891 2569 (1.25) 546 1.24
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Consultation  Consultations Total consultation volume  Annual inpatient ~ Per capita consultation

Department Category requests, n received, n (requests + received), n (%) admissions, n request intensity
Pediatrics Women and 1744 572 2316 (1.13) 2173 0.8

Kids
Liver Surgery Surgery 1380 582 1962 (0.95) 1355 1.02
Critical Care Medicine  Other 1633 254 1887 (0.92) 610 2.68
Oncology Medical Internal 1467 342 1809 (0.88) 7589 0.19
Center Medicine
Rare Diseases Internal 1221 6 1227 (0.60) 275 4.44

Medicine
Plastic Surgery Surgery 434 527 961 (0.47) 1216 0.36
Breast Surgery Surgery 762 176 938 (0.46) 7552 0.1
Obstetrics Women and 624 62 686 (0.33) 3944 0.16

Kids
Surgery Consultation Surgery 0 670 670 (0.33) 0 N/A
Service
Palliative Care Center ~ Other 0 504 504 (0.24) 0 N/A
Allergy Other 0 274 274 (0.13) 0 N/A
Total 102,858 102,858 205,716 (100) 320,099 N/A

2N/A: not applicable.

A total of 34 departments requested consultations, amount-
ing to 102,858 requests. The top 10 departments by num-
ber of consultation requests were Emergency Department
(n=19,698, 19.15%), General Surgery (n=7434, 7.23%),
Gynecology (n=6543, 6.36%), Endocrinology (n=5089,
4.95%), Orthopedics (n=5057, 4.92%), Rheumatology and
Immunology (n=4826, 4.69%), Neurology (n=4698, 4.57%),
General Medicine (n=3808, 3.70%), and Critical Care
Medicine (n=3743, 3.64%). Seven departments (n=7,
20.59%) had annual consultation requests exceeding 4000
consultations, accounting for 53,345 (51.86%) consultations
of the hospital’s total consultation volume.

All 42 departments received consultations, totaling
102,858 acceptances. The top 10 departments by number
of consultations received were Internal Medicine Consulta-
tion Service (n=10,428, 10.14%), Clinical Nutrition (n=6613,
6.43%), Ophthalmology (n=6168, 6.00%), Dermatology
(n=5850, 5.69%), Anesthesiology (n=5307, 5.16%),
Neurology (n=5167, 5.02%), Gastroenterology (n=4881,
4.75%), Endocrinology (n=4680, 4.55%), Otolaryngology
(n=4674, 4.54%), and Critical Care Medicine (n=4425,
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4.30%). Ten (23.81%) departments received over 4000
consultations annually, accounting for 58,193 (56.58%)
consultations of the hospital’s total consultation volume.

The consultation volume received by the internal medicine
system was significantly higher than that by the surgical
system (40,328 vs 17,856 consultations). Within the internal
medicine system, apart from the Internal Medicine Con-
sultation Service (n=10,428, 25.85% of internal medicine
consultations), the top 3 departments by volume received
were Gastroenterology (n=4881, 12.10%), Endocrinology
(n=4680, 11.60%), and Infectious Diseases (n=3754,9.31%).

The top 10 departments by highest per capita consulta-
tion request intensity were Critical Care Medicine (21.64),
General Medicine (5.62), Rare Diseases (4.44), Geriat-
rics (4.39), Infectious Diseases (4.01), Rheumatology and
Immunology (3.34), Cardiac Surgery (3.20), Endocrinology
(2.94), Traditional Chinese Medicine (2.88), and Neurology
(2.81). The hospital-wide average per capita consultation
request intensity (total annual consultation requests / total
inpatient admissions) was 0.32.
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Figure 3. Departmental consultation volume and request intensity Peking Union Medical College Hospital (2024). (A) Number of consultation
requests made by each department. (B) Number of consultations received by each department. (C) Per capita request intensity (annual requests/annual
inpatient admissions). Data were derived from 102,858 interdepartmental consultations for inpatients and emergency patients. ICU: intensive care

unit; TCM: traditional Chinese medicine.
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Analysis of Interdepartmental
Consultation Associations

Consultation requests and acceptances formed departmen-
tal consultation pairs. In 2024, PUMCH had 1211
unique consultation pairs. Details of pairs with an annual
consultation volume of =500 consultations are shown in

Table 3. Consultation pairs with =700 consultations numbered
18 (1.49%) pairs, accounting for 22,302 (21.68%) consulta-
tions (Multimedia Appendix 1); pairs with =500 consultations
numbered 31 (2.56%) pairs, accounting for 30,276 (29.43%)
consultations; pairs with =300 consultations numbered 65
(5.37%) pairs, accounting for 43,221 (42.02%) consultations.

Table 3. High-frequency department consultation pairs (annual volume >500).

Requesting department Receiving department

Main consultation content

Consultations, n (%)

Emergency Department Internal Med Consult?

Emergency Department Dermatology
Emergency Department Gastroenterology
Emergency Department General Surgery
Emergency Department Neurology

Endocrinology Ophthalmology

Internal disease management 3094 (3.01)
Rashes, skin lesions 2840 (2.76)
Acute abdomen, gastrointestinal bleeding 1753 (1.70)
Acute abdomen, abdominal masses 1451 (1.41)
Cerebrovascular events, dizziness, headache 1386 (1.35)
Diabetic retinopathy, thyroid eye disease 1287 (1.25)
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Requesting department

Receiving department

Main consultation content

Consultations, n (%)

General Surgery
General Surgery
Gynecology
Orthopedics

General Surgery
Emergency Department
General Surgery
Gynecology

General Surgery
Emergency Department
Gynecology
Endocrinology
Orthopedics

Oncology Medical Center
Rheumatology Immunology
Neurology

Urology

General Surgery
Gynecology

Cardiac Surgery
Pediatrics

Emergency Department
Emergency Department

Vascular Surgery
Urology

Otolaryngology
Clinical Nutrition
Critical Care Medicine
Internal Med Consult
Internal Med Consult
Vascular Surgery
Gastroenterology
Internal Med Consult
Critical Care Medicine
Neurosurgery
Anesthesiology
Clinical Nutrition
Rehabilitation Medicine
Clinical Nutrition
Ophthalmology
Internal Med Consult
Internal Med Consult
Anesthesiology
General Surgery
Critical Care Medicine
Ophthalmology
Endocrinology
Otolaryngology

Internal Med Consult
Anesthesiology

Preoperative thyroid airway assessment 1225 (1.19)
Perioperative nutrition support 1032 (1)
Postoperative management 983 (0.96)
Perioperative internal disease management 955 (0.93)
Perioperative internal disease management 940 (0.91)
Acute arterial embolism, venous thrombosis 928 (0.90)
Collaborative treatment of digestive diseases 790 (0.77)
Perioperative internal disease management 778 (0.76)
Postoperative management and critical care 722 (0.70)
Acute cerebrovascular events 721 (0.70)
Preoperative anesthesia assessment 714 (0.69)
Metabolic disease nutrition management 703 (0.68)
Postoperative rehabilitation management 686 (0.67)
Nutritional support for patients with cancer 681 (0.66)
Immune-related eye disease 678 (0.66)
Comorbid internal disease management 662 (0.64)
Comorbid internal disease management 657 (0.64)
Preoperative anesthesia assessment 640 (0.62)
Collaborative surgery 635 (0.62)
Post-cardiac surgery management 622 (0.60)
Pediatric eye disease 576 (0.56)
Metabolic disease management 567 (0.55)
Ear, nose, and throat emergencies 560 (0.54)
Comorbid internal disease management 506 (0.49)
Preoperative anesthesia assessment 504 (0.49)

#Based on 102,858 interdepartmental consultations at Peking Union Medical College Hospital in 2024, showing main content, count, and percentage

of each requesting-receiving department pair.
bInternal med consult: internal medicine consultation service.

The Emergency Department was the primary requesting
department. Its highest-volume consultation pairs were with
the Internal Medicine Consultation Service (3094/102,858,
3.01%), Dermatology (2840/102,858, 2.76%), Gastroenterol-
ogy (1753/102,858, 1.70%), General Surgery (1451/102,858,
1.41%), and Neurology (1386/102,858, 1.35%), primarily
involving management of diseases in emergency patients
(Table 3). As the largest consultation-receiving department,
the Internal Medicine Consultation Service had relatively
balanced demand from various surgical departments. Among
departments with platform support functions, Anesthesiology
had relatively balanced demand from surgical departments,
whereas Clinical Nutrition and Rehabilitation Medicine
showed strong specific associations. For example, the main
sources of demand for Clinical Nutrition were General
Surgery (1032/6613, 15.61% of its received consultations),
Endocrinology (703/6613, 10.63%), and Oncology Medi-
cal Center (681/6613, 10.30%), primarily for perioperative
nutrition management in patients undergoing gastrointestinal
surgery and nutritional support and guidance for patients with
metabolic diseases and cancer. The main sources of demand
for Rehabilitation Medicine were Orthopedics (686/2763,
24.83%), Neurology (396/2763, 14.33%), and Geriatrics
(215/2763, 7.78%), primarily for postoperative rehabilitation
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guidance for orthopedic patients, patients with neurological
damage, older adults, and patients with sarcopenia.

Other notable disease-specific high-volume pairs included
Endocrinology-Ophthalmology, primarily for diabetic eye
disease and thyroid eye disease (1287/102,858, 1.25%);
General Surgery-Otolaryngology, mainly for preoperative
thyroid airway assessment (n=1225, 1.19%); General
Surgery-Clinical Nutrition, primarily for perioperative
support (n=1032, 1.00%); Endocrinology-Clinical Nutrition,
mainly for metabolic disease management (n=703, 0.68%);
Orthopedics-Rehabilitation Medicine, primarily for postop-
erative rehabilitation (n=686, 0.67%); Oncology Medical
Center-Clinical Nutrition, mainly for nutrition support in
patients with cancer (n=681, 0.66%); and Rheumatology
Immunology-Ophthalmology, primarily for immune-related
eye disease (n=678, 0.66%; Table 3). Recurring clinical
scenarios generated these stable, predictable consultation
pathways.

Heatmap analysis showed the consultation associations
between departments in 2024 (Figure 4). Overall, it
shows significant interdepartmental differences, reflecting the
collaborative characteristics of different departments during
medical service delivery. Color distribution: The Blue-White-
Red gradient was used, with red indicating high-frequency
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consultations (maximum: Emergency Department = Internal
Medicine Consultation Service, 3094 consultations), blue
indicating low-frequency consultations (minimum: 1-5
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consultations between multiple departments), and white
representing the transition zone corresponding to medium
consultation volumes.

Figure 4. Heatmap analysis of interdepartmental consultation associations. Retrospective study at Peking Union Medical College Hospital (Beijing,
2024) of 102,858 consultations. Rows=requesting departments (sorted by total requests descending); columns=receiving departments (sorted by total
receptions descending). Color gradient (blue-white-red) indicates standardized consultation frequency (blue=low, red=high). Dept.: department; ICU:

intensive care unit.
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The most prominent red areas were concentrated at
the intersections of the Emergency Department and Inter-
nal Medicine Consultation Service (n=3094), Emergency
Department and Dermatology (n=2840), and Emergency
Department and Gastroenterology (n=1753). Row pattern
analysis (requesting departments): the Emergency Depart-
ment row shows an overall reddish hue, indicating its
high-frequency consultations with multiple departments.
Rows for departments like Breast Surgery and Plastic
Surgery were predominantly blue, indicating generally low
consultation participation frequency. Column pattern analysis
(receiving departments): the Internal Medicine Consultation
Service column shows a distinct red stripe, indicating
high consultation volumes received from the Emergency
Department (n=3094), General Surgery (n=940), Orthopedics
(n=955), etc. Columns for Clinical Nutrition and Anesthesiol-
ogy showed mixed colors, indicating significant variation in
consultation demand from different departments.

Furthermore, the heatmap allows intuitive visualization
of interactions with target departments. For example, when
Critical Care Medicine was the receiving department, its
interactions with Cardiac Surgery (n=622), Gynecology

https://www jmir.org/2026/1/e81670
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(n=983), and General Surgery (n=722) appeared orange to
red, indicating frequent consultations. When Ophthalmology
was the receiving department, its interactions with Endo-
crinology (n=1287), Pediatrics (n=576), and Nephrology
(n=488) were prominent.

Discussion

Principal Findings

In this real-world analysis of interdepartmental consultations,
we systematically mapped the collaboration network of
multiple clinical departments from a hospital-wide perspec-
tive for the first time. Unlike previous studies limited to
single departments or specific diseases, this study reveals
three core findings that support our original hypotheses. First,
consultation demand is highly concentrated: the Emergency
Department requests the most consultations, and the Internal
Medicine Consultation Service receives the most. Second,
collaboration follows a Pareto-like pattern, where a small
number of department pairs account for a large share
of all consultations. Third, high volume pairs are consis-
tently disease driven, such as Endocrinology-Ophthalmology
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for diabetic and thyroid eye diseases, General Surgery-Oto-
laryngology for preoperative thyroid airway assessment,
and Orthopedics-Rehabilitation Medicine for postoperative
rehabilitation. These stable collaboration pathways indicate
that interdepartmental consultations are not random but
cluster around specific clinical needs [10,33,44-46].

Similarity of Results

The high number of consultation requests from the Emer-
gency Department is consistent with previous studies
highlighting its role as a gateway for complex, undifferen-
tiated patients who often need rapid specialist input [12,
14,27]. Notably, the Emergency Department’s consultation
needs were broad, involving internal medicine, surgery, and
multiple specialties. Its main consultation flows included
the Internal Medicine Consultation Service (comorbidities),
Dermatology (rashes, soft tissue infections), and Gastro-
enterology (acute abdomen, gastrointestinal bleeding)—all
common emergency scenarios requiring specialist input.

The high-frequency pairs identified in this study align well
with successful multidisciplinary team applications reported
in the literature [7,31-33.,45,47]. For example, the Endocrinol-
ogy-Ophthalmology pair for diabetic retinopathy and thyroid
eye disease is consistent with national and international
multidisciplinary team (MDT) guidelines recommending joint
screening and management [45]. In the perioperative setting
for thyroid surgery, the General Surgery-Otolaryngology pair
for preoperative laryngeal assessment represents a critical
safety standardization. The multiple high-frequency pairs
involving Clinical Nutrition (with General Surgery, Oncol-
ogy Medical Center, and Endocrinology) address perio-
perative nutritional support, cancer nutrition management,
and metabolic disease nutrition intervention, respectively —
all consistent with current MDT practices in comprehen-
sive cancer care and metabolic disease management [33.44,
46]. For orthopedic surgery, the Orthopedics-Rehabilitation
Medicine pair for postoperative rehabilitation embodies the
integrated “surgery-rehabilitation-functional recovery” model.

Interpretation

The above findings have several practical implications. First,
the high concentration of consultation demand suggests
that resources should be focused on “top-tier” needs. The
Emergency Department, as the largest requester, could benefit
from dedicated on-site specialist consultation positions or, for
scenarios that do not require bedside visits (eg, dermatology),
telemedicine consultations to reduce response times. Previous
studies have shown that delays in emergency consultations
are a key factor affecting length of stay and outcomes [17,25,
27,28 ,48-52].

Second, the disease specificity of high-frequency pairs
provides a direct basis for designing standardized MDT
pathways [32,33,53]. Traditional MDT models rely on
fixed-time, fixed-location meetings, which are resource-inten-
sive and difficult to scale. This study found that consultation
volume is highly concentrated in a limited set of recurring
clinical scenarios. Hospitals can therefore develop “light-
weight” MDT pathways for these high-frequency scenarios,
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such as endocrinology-ophthalmology joint clinics, orthope-
dics-rehabilitation joint rounds, or preoperative combined
assessment pathways, shifting MDT from a “specialty-only”
to a “routine” model [45,53,54].

Third, the prominent role of platform departments
(Clinical Nutrition, Anesthesiology, Rehabilitation Medicine,
etc) as major consultation recipients reflects the ongoing
trend toward integrated care. This suggests that hospital
planning and resource allocation should give due attention
to the capacity building and spatial placement of platform
departments—for example, locating Clinical Nutrition and
Rehabilitation Medicine adjacent to surgical wards, plac-
ing preoperative anesthesia assessment clinics upstream of
surgical outpatient areas, or establishing admission prepara-
tion centers—to reduce unnecessary intrahospital movement
and consultation waiting times [18,44,46,54,55].

Fourth, the large number of consultations directed to
the Internal Medicine Consultation Service also deserves
a nuanced interpretation. It may act as an efficient gate-
keeper, streamlining access to subspecialties [8,13,30,56-58];
it could also reveal knowledge gaps in requesting depart-
ments, pointing to opportunities for targeted education [42,
54]; or it might represent a vital integrative function in an era
of deep subspecialization, arguing for formally recognizing
such roles in coordinated care models [30,38,49]. Delving
into the specific context of such high-volume interactions
can thus inform more targeted strategies to enhance both the
efficiency and effectiveness of interdepartmental consultation.

Generalizability

The analytical framework and findings of this study
have broad generalizability. Although the data originated
from a single large tertiary hospital, the revealed “Pareto-
like + disease-driven” collaboration pattern is theoretically
applicable to various health care institutions. Any general
hospital with a reasonable specialty mix can extract consulta-
tion records from its HIS, construct a similar departmental
collaboration network, identify its own high-frequency pairs,
and guide resource optimization accordingly.

Several high-frequency pairs identified in this study,
such as Endocrinology-Ophthalmology, Orthopedics-Reha-
bilitation Medicine, and Clinical Nutrition with surgical
departments, are likely to be cross-institutionally generaliza-
ble because these collaborations are driven by the inherent
logic of disease management rather than by institution-spe-
cific arrangements. Hospitals of different levels and regions
can therefore use our findings as a reference to prioritize
establishing standardized collaborative pathways for these
“universal” high-frequency scenarios.

More importantly, the analytical approach described here
can directly inform 2 types of applications. First, in workflow
optimization within smart hospital initiatives—for example,
establishing MDT joint clinics for high-frequency consulta-
tion pairs, or prioritizing e-consultations for scenarios that
do not require bedside visits. Second, in the spatial layout
planning of new hospitals—by preidentifying high-frequency
collaboration pairs, closely collaborating departments can be
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colocated to shorten physical consultation pathways [7,38,
41]. It is worth noting that this study was initially motiva-
ted by the planning of a new medical center focused on
complex and rare diseases, where consultation patterns were
considered as one of the factors influencing spatial layout and
workflow.

Limitations

This study has several limitations. As a single-center
retrospective analysis based on a large tertiary hospital, its
consultation patterns are influenced by the hospital’s specific
disciplinary structure, case mix, and internal processes.
Therefore, the generalizability of the conclusions requires
validation against the specific contexts of other institutions.
Additionally, the current analysis primarily focused on
consultation volume and did not encompass multi-dimen-
sional indicators such as consultation duration, the qual-
ity of consultation opinions, or patient outcomes. Future
research that links consultation network patterns to clinical
and operational outcomes would be valuable.

Conclusions

In summary, this study goes beyond traditional single-dis-
ease or single-department analyses to provide a systematic,

Zhang et al

hospital-wide picture of interdepartmental collaboration.
The demonstration that consultations are highly concentra-
ted, follow a Pareto-like distribution, and cluster around
disease-specific pairs offers a data-driven foundation for
rethinking consultation processes. For hospital administra-
tors and clinicians, the practical implications of this study
are threefold. First, prioritize resources: allocate limited
personnel, space, and information technology resources
toward high-volume collaborative pairs. Second, design
standardized MDT pathways: establish rapid MDT channels
or joint clinics for high-frequency scenarios such as diabetic
eye disease, preoperative thyroid assessment, and postop-
erative rehabilitation. Third, implement spatial and digital
interventions: consider spatial proximity for high-frequency
collaborating pairs in new hospital planning and promote
e-consultations for appropriate scenarios. More broadly, the
analytical framework we present can serve as a model for
other institutions to use their own real-world consultation data
to improve care coordination, boost operational efficiency,
and ultimately enhance patient flow and outcomes.
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