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Executive Summary

The rapid advances in artificial intelligence (Al) have transformed medical imaging — enabling automated
detection of diseases in scans with speed and, in some cases, high accuracy. However, Al has not eliminated
the need for human radiologists. Radiologists possess broad medical training and contextual judgment that Al
currently cannot replicate. They interpret images in light of patients’ clinical history, communicate findings to
referring physicians, guide image-guided procedures, and manage patient consent — roles far beyond mere
pattern recognition (" en.wikipedia.org) (?! en.wikipedia.org). Notably, real-world adoption of Al in radiology
remains limited: surveys find only a few percent of clinics use Al tools routinely ("*) apnews.com). Experts
emphasize that Al should assist rather than replace clinicians (!*! time.com) (!°) www.theatlantic.com). Moreover,
technical and ethical challenges persist: existing Al models can suffer from biases, data-shift, and black-box
opacity (1°) arxiv.org) (7! arxiv.org). Cases have even shown that overreliance on Al may degrade human expertise
(") time.com). Emerging regulatory and validation frameworks (e.g. FDA guidance, hospital “assurance labs")
underscore the need for human oversight () www.axios.com) ("% www.axios.com). In sum, radiologists continue
to play critical roles in patient care. Al is a powerful new tool, but it complements and augments human

(5]

expertise — it does not negate the need for trained radiologists ("' apnews.com) (\°! www.theatlantic.com). This
report reviews the historical context of radiology, the current state of Al in imaging, and analyzes in detail why
radiologists remain indispensable. It draws on case studies, data, and expert perspectives to show that, despite

Al's progress, radiologists will continue to exist and evolve their roles in the era of Al.

Introduction

Medical imaging has been a cornerstone of modern diagnosis since Rontgen's discovery of X-rays in 1895.
Radiology — the medical specialty using X-rays, CT, MRI, ultrasound, PET and other modalities - revolutionized
disease detection and management (I'?! en wikipedia.org). Over the past century, the field expanded
dramatically: from single-view X-rays to high-resolution cross-sectional scans (CT, MRI), nuclear medicine
tracers, and advanced angiography (\'?! en.wikipedia.org). Each modality added a wealth of new information.
Correspondingly, the radiologist’s role grew: they became expert physicians interpreting these images,
correlating findings with patient context. A radiologist is a medical doctor with years of specialized training
who “interprets medical images, communicates these findings to other physicians, and uses imaging to perform
minimally invasive procedures” (' en.wikipedia.org). In practice, radiologists often lead multidisciplinary teams,
participate in tumor boards, supervise imaging protocols, and educate patients on imaging procedures (e.g.
explaining radiation or contrast risks) (/' en.wikipedia.org) (! enwikipedia.org).

Since the late 20th century, imaging has increasingly generated huge volumes of data. Digital imaging and
Picture Archiving and Communication Systems (PACS) proliferated in the 1990s-2000s, making every scan
readily available and fueling interest in computational analysis. Early computer-aided detection (CAD) systems
(e.g. for mammography) appeared, but with limited success. In the 2010s, deep learning sparked a renaissance:
convolutional neural networks achieved radiologist-level or even superior performance on specific image-
classification tasks in research settings. Notable examples include detecting pneumonia on chest X-rays
(CheXNet) and classifying dermatology images (\'*! time.com) (\"°! time.com). Today there are hundreds of FDA-
cleared Al algorithms for tasks like lesion detection, quantification, and image enhancement (\"°! time.com) (1'®
www.axios.com). Al can process thousands of images quickly, highlight suspicious findings, and quantify disease
(e.g. tumor volumes) with precision beyond the unaided human eye (\'"! time.com) (\'®! time.com).

Yet, despite these advances, radiologists remain at the center of care. This report examines why radiologists
still exist given Al's progress. We analyze Al capabilities versus human needs, citing data and expert views. We
emphasize that radiologists’ responsibilities extend beyond what Al can do autonomously, and that clinical
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practice places human judgment, accountability, and patient interaction at the core. Through detailed evidence
—charts, statistics, and case studies—we show how Al is integrated into radiology as a tool, not a replacement,

and why human radiologists will adapt and continue to play critical roles in imaging for the foreseeable future.

1. Historical and Professional Background of
Radiology

1.1 Origin and Evolution of Radiology. After Wilhelm Rontgen’s 1895 discovery of X-rays, radiography quickly
impacted medicine. Initially, radiology meant simple X-ray films. Over decades, new modalities emerged:
computed tomography (CT) in the 1970s, magnetic resonance imaging (MRI) in the 1980s, ultrasound broadly,
and hybrid techniques like PET/CT in the 2000s ( ). Each advance demanded radiologists learn
new physics, acquisition protocols, and interpretation skills. The specialty split into subspecialties
(neuroradiology, pediatric, interventional, etc.). The profession became highly technical and in-depth: by the
time they finish training, radiologists are among the best-scored doctors (high board scores (

)) because of their mastery of imaging science.

1.2 Radiologist Training and Roles. Radiologists today complete extensive education: premedical training,
medical school, and a multi-year radiology residency, often followed by fellowships ( ). This
rigorous training qualifies them as physicians, not technicians.Indeed, a radiologist must interpret images as
part of a medical diagnosis process, tying radiologic appearances to underlying diseases ( )
( ). Crucially, unlike some imaging staff (e.g. radiologic technologists) who merely acquire
images, radiologists incorporate patient history, lab results, and clinical questions into their interpretation. The
Wikipedia description notes: “A radiologist ... interprets medical images, communicates these findings to other
physicians ...” ( ). This dual knowledge of imaging science and clinical medicine is unique to
radiologists, forming the basis of their ongoing necessity.

1.3 Scope of Radiologist Activities. Modern radiologists do far more than just visually scan for abnormalities.

Their duties include:

e Holistic Interpretation and Reporting. Radiologists synthesize imaging findings with clinical information.
They dictate reports that guide patient management. Even if they do not see every patient face-to-face,
they may advise the referring doctor on next steps or additional tests. Per one source: “Diagnostic
radiologists tend to spend the majority of their time analyzing images and a minority ... interacting with
patients.” They primarily support other clinicians by providing expert image interpretation (

). Radiologists often do not know as much about patient status as the referrer does, implying
they rely on context provided by others ( ). Nevertheless, their input is critical. They note
subtle signs, provide differential diagnoses, and may suggest interventional procedures or additional

imaging if questions remain.

e Procedural and Interventional Roles. Many radiologists (interventional radiologists, IR) perform image-
guided procedures, often with direct patient interaction ( ) ( ). These
include angioplasty, stenting, biopsies, drainages and cancer therapies under imaging guidance. Al cannot
physically perform such minimally invasive procedures; only a human with medical judgment can. Even in
purely diagnostic radiology, radiologists often actively manage imaging protocols (choosing CT sequences
or MRI parameters) and ensure exam quality. They may administer contrast agents or provide sedation
guidelines—tasks again requiring human oversight.

e Patient Communication and Education. While diagnostic radiologists have less patient contact than
interventionalists, they are still responsible for aspects of patient care related to imaging. Critically,
radiologists educate patients about imaging risks and enable informed consent. The Wikipedia entry
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explicitly states that "because radiologists undergo training regarding risks associated with ... imaging,
radiologists ... educate patients about those risks" (I'°! en.wikipedia.org). In practice, if a scan involves
radiation or procedural risk, the radiologist (or their team) ensures the patient understands the implications.
They also field patient questions relayed by clinicians. No Al replaces the trust and ethical duty entailed in
human-mediated informed consent.

Overall, radiologists serve as the human authority on imaging. Their board certification and professional axioms
underpin patient safety. Many aspects of imaging-related care demand human oversight: selecting appropriate
exams, tailoring doses, troubleshooting equipment or patient issues, and definitively correlating images with
complex clinical pictures. It is precisely these broader responsibilities that Al lacks entirely.

2. The Emergence of Al in Medical Imaging

2.1 Development of Al and Machine Learning. The term “Al” in radiology encompasses a range of techniques
(machine learning, deep learning, computer vision) applied to imaging data. Early Al attempts (e.g., rule-based
CAD in the 1990s) had limited success. The real inflection came with deep neural networks after 2012, when
computer vision breakthroughs (e.g., convolutional networks) demonstrated capabilities rivaling specialists in
narrow tasks (I'°! time.com) (1" time.com). By leveraging vast image datasets and powerful GPUs, researchers
began training Al that could flag tumorous nodules, segment organs, and measure lesions.

2.2 Current Al Capabilities in Imaging. Modern Al tools excel at well-defined sub-tasks. Examples include:

e Anomaly Detection: Al can highlight regions of interest. Studies and FDA-approved tools exist for
detecting intracranial hemorrhage on CT, lung nodules on X-ray or CT, and pulmonary embolism on CT
angiograms. Deep learning systems can identify subtle patterns invisible to humans (!'”) time.com) (/°]

time.com).

e Quantitative Measurements: Al can compute precise volumes of tumors or organs (e.g. lung parenchyma
quantification in COPD, brain volumetrics in dementia). Such quantification aids monitoring of disease
progression.

e Screening Assistance: Large-scale screening programs, like mammography or chest X-ray screening, have
trialed Al. In a major Swedish breast screening study (~80,000 women), an Al system outperformed
traditional radiologist-only screening in detecting cancer (??) www.axios.com). Al models like MIT's Mirai
have been developed to predict individualized cancer risk and personalize screening schedules (*°!

www.axios.com).

« Radiology Reporting: Emerging “image-to-text” models can generate preliminary findings or structured
reports from images. Early data suggest Al-generated reports (for example, describing prostatectomy
findings from video) can rival surgeons’ notes (\?*) www.reuters.com).

The progress is striking: over 1,000 Al tools have received FDA clearance in healthcare, with more than 400
focused on imaging tasks (/?°! time.com) (1! time.com). These systems are deployed in research and some
clinical settings. Institutions report using them for faster triage - e.g., flagging urgent scans for immediate
review (12°] qa.time.com). Al undeniably enhances certain imaging functions, increasing speed and aiding
detection of minute anomalies ('/) time.com) (""*! time.com). Many symposiums and companies market Al as a
way to reduce radiologist workload and error.

2.3 Limitations and Gaps of Imaging Al. Despite this progress, Al in imaging has bound constraints.
Researchers note several fundamental limitations:
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e Narrow Task Scope: Most Al models perform one narrow diagnostic classification (e.g. does this X-ray show pneumonia?).
They lack broader clinical reasoning. Radiologists, by contrast, form differential diagnoses, integrate multiple findings across
modalities (for example, correlating an MRI spine scan with gait abnormalities), and understand the consequences of
imaging in context. Al does not inherently know patient history, lab results, or goals of care unless explicitly fed that data. In
practice, a radiologist might bring up a patient’s previous oncologic history or comorbidities when interpreting a scan —
context that an isolated Al model cannot.

e Data Bias and Generalizability: A core challenge is that Al depends on training data quality and diversity. Recent studies
highlight that imaging Als can encode demographic biases (e.g. gender or age shortcuts) ([6] arxiv.org), leading to unequal
performance across subpopulations. Public imaging datasets (like ChestX-ray14, MIMIC-CXR) often use automated label

extraction; one analysis found many label errors and poor control of domain shifts ([T] arxiv.org). For example, an Al trained
on NIH chest X-rays may fail when applied to a hospital with older equipment or different patient demographics. In fact, the
cited 2025 study showed Als trained on popular chest X-ray datasets might experience significant drops in accuracy when
tested on external data, and may perform worse for minority age/sex groups ([28] arxiv.org). Thus, current Als can approach
human accuracy under ideal conditions, but their performance in “the wild” can degrade. Radiologists, however, remain
adaptable doctors across any patient. Al systems still require careful validation and frequent recalibration to remain reliable

([7] arxiv.org).

e Explainability and Auditability: Most Al deep models are "black boxes.” When an image is flagged by Al, the reasoning
behind that decision is not readily interpretable. Regulatory bodies and clinicians worry about trusting opaque decisions. In
healthcare, unlike consumer tech, we need traceable justifications. If an Al misses or falsely detects disease, it can be very
difficult to audit. Radiologists’ thought processes, while complex, are still anchored in medical knowledge and can be

. . . . . 2
scrutinized if needed. As one report notes, overreliance on Al transparency issues is a key concern ([ ol apnews.com).

e Error Risk and Accountability: Al systems make stranger mistakes than humans - e.g. hallucinating an object where none
exists, or missing an obvious finding due to an adversarial alteration. In a study on colonoscopy, doctors who grew

dependent on Al experienced a drop in detection performance when Al was removed ([8] time.com). This “deskilling”
effect suggests clinicians might lose practice in certain tasks. If a radiologist picks up an Al alert for a lung nodule and
ceases to thoroughly inspect that region on their own, errors can slip by if Al ever fails. Moreover, who is legally responsible
when Al errs? Today, physicians (radiologists) are ultimately responsible for diagnoses and malpractice. There is no legal
framework to hold an imperfect software liable. This means radiologists cannot be wholly replaced; they must review and
endorse each interpretation. Overall, although Al shows promise in narrow diagnostic roles, these gaps mean Al today
cannot operate autonomously without human supervision. Twenty-first century Al is a powerful co-pilot, not an independent

pilot ([5] www.theatlantic.com) (W] apnews.com).

3. Why Radiologists Remain Indispensable

Given the capabilities and limitations above, we broaden the analysis: what do radiologists do that Al cannot?
The urgency of this question is underscored by opinions across medicine: nearly two-thirds of physicians
surveyed explicitly worry that relying on Al could increase flawed diagnoses and legal liability (19!
www.axios.com). Doctors expect Al to handle admin tasks, not core clinical decisions. Specifically for radiology:

3.1 Complex Clinical Judgment and Contextual Reasoning

Radiologists bring clinical contextualization to image reading. An Al will see a spot on a lung X-ray but cannot
ask, Does this patient have a history of cancer or TB? A radiologist does. For example, an isolated 5 mm lung
nodule in a lifelong smoker is treated differently than the same finding in a dandelion allergy patient. These
nuances matter. As one source frames it, Al should “enhance human judgment” rather than replace it ([3”
time.com). Radiologists query patient records, previous images, and lab tests to decide whether an image finding
is routine or critical. No algorithm currently ingests the full spectrum of a patient’s medical record to guide

differential diagnosis.
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Even when Al systems achieve high average accuracy, they may fail on the edge-cases and rare presentations
that radiologists are trained to handle. Al algorithms are typically trained on common cases; they can
confidently flag a typical pneumonia or fracture, but unusual pathologies (e.g. uncommon cancers, rare genetic
bone diseases) have too little representation for reliable Al identification. Radiologists spot these outliers by
recognizing when “something is odd"” and calling on their broad medical learning. If an Al suggests a common
finding, the radiologist still must judge if it truly fits the patient’s picture. This human oversight guards against
dangerous Al errors.

3.2 Multimodal Integration and Communication

Radiologists often interpret multiple imaging modalities simultaneously. For instance, comparing last year's
MRI with a current PET/CT scan could reveal tumor changes over time. While Al models can be trained per
modality, integration across them in a cohesive report is challenging. Radiologists synthesize information: linking
subtle MRI brain changes with a patient’s new neurological symptoms, or correlating CT angiogram findings with
EKG results. Al currently lacks full multimodal brain; it rarely analyzes images alongside lab values or clinical
notes.

Furthermore, radiologists communicate findings directly to referring physicians and care teams. They provide
significance and urgency: for example, highlighting incidental findings that require follow-up. They may
recommend biopsy or therapy. Communication with other doctors uses medical knowledge and collegial
judgment. An Al might detect a lesion but cannot explain its import to an oncologist or adjust clinical workup
based on prior chemotherapy regimens. Thus, radiologists serve a translation role between imaging data and
clinical action.

3.3 Patient Interaction and Ethics

In roles such as interventional radiology (and occasionally consults in diagnostic radiology), radiologists directly
inform patients about diagnoses and procedures. A human doctor, with professional ethics and empathy,
conveys difficult news and obtains consent (\'*! en.wikipedia.org). For instance, a radiologist may need to explain
a contrast reaction risk or a critical finding to a worried patient or family. Al has no natural personhood, bedside
manner, or legal duty of care. Even if Al chatbots can mimic empathetic language in surveys (-°?!
www.axios.com), they cannot replace the trust in a physician's reassuring presence. Moreover, regulations
currently require human physicians to sign off on diagnoses.

3.4 Diagnostic and Procedural Experience

Radiologists train for years in three dimensions, patient care, and technical skill. They notice imaging artifacts
(motion blur, equipment flaws) that Al might misinterpret as pathology. They calibrate imaging protocols to avoid
repeats. They also perform and supervise interventions (e.g. biopsies, drainages) that require tactile skill and
immediate decision-making. Al has no body and no hands; it cannot navigate a needle.

Even in purely diagnostic work, radiologists have years of pattern recognition honed across diverse cases.
Studies show that experienced radiologists detect certain subtle lesions (like tiny pulmonary nodules) with
sensitivity above 90%, and can often catch error patterns that structured Al models miss. For example, an Al
may flag 80% of nodules it's been trained on, but miss a lesion in an odd location that radiologists recognize.
Conversely, radiologists can fall prey to oversight fatigue if overburdened; Al can help mitigate such human
errors, which is why Al is often an aid, not a replacement. This synergy is reflected in expert opinion: Aidoc CEO
Elad Walach explicitly notes that Al is designed “to enhance radiologists’ abilities to work more efficiently and
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accurately,” not replace them ( ). Likewise, collaborative paradigms (e.g. “hive mind”
ensembles of Al/experts ( )) are being explored to combine Al pattern-finding with human
oversight.

In short, the radiologist’s unique strengths — comprehensive medical training, clinical context integration,
communication skills, procedural capability, and ethical accountability — are not embodied by any Al. These
human factors explain why, even as Al handles more routine image analysis, trained radiologists remain essential
in healthcare.

4. Current State and Evidence-Based Data

4.1 Adoption Rates and Market Data

Despite Al's promise, real-world usage is still limited. A U.S. survey reported only 2% of radiology practices
currently employ Al-based tools in routine interpretation ( ). Similarly, while over 1,000 Al tools
have FDA clearance in healthcare broadly, only about 420 of them are focused on imaging ( ) (

). Even among physicians, general adoption lags: one report notes that although two-thirds of doctors
have tried some Al tools, they mainly use them for tasks like documentation or scheduling, and remain skeptical
of Al in diagnosis ( ) ( ).

Key data points include:

o FDA Approvals: ~420 imaging-Al algorithms cleared (FDA) by 2025 ( ), including for detection
of stroke, pneumonia, fractures, etc. In total, the FDA has cleared over 500 Al-powered medical devices (
). This underscores that the technology is maturing.

e Physician Usage: A 2025 survey found >66% of doctors have used at least one Al tool ( ), but
favorites are non-diagnostic (e.g. note dictation). In radiology specifically, physicians are more optimistic
about Al's utility than other specialties ( ), reflecting radiology’s goal to handle large image
volumes. Yet, they remain cautious — notably, 67% of surveyed doctors express worry about flawed Al
recommendations and liability ( ).

e Regulatory Landscape: In late 2024, the FDA introduced streamlined guidelines to allow Al imaging device
updates without full re-submission, reflecting Al's rapid iteration cycle ( ). However, these
are voluntary recommendations only, not firm regulations. Pearls: Congress and agencies emphasize that Al
must augment clinicians. The Coalition for Health Al (CHAI) with 3,000+ stakeholders is even establishing
"assurance labs" in hospitals to validate Al tools and monitor performance over time ( ).
The need for such oversight further highlights that Al deployment without expert radiologist input is
considered risky.

Below is a summary table of some key figures:

Metric/Study Value/Statement Source

Radiology practices using Al tools

=2% of practices
(US, 2024) ° ot p AP News survey ( )
U.S. doctors who have used Al (an i i
(any) ~66% of physicians (Murali & Benioff) (
(2025) )
FDA-cleared Al algorithms (imaging) ~420 devices Time magazine ( )
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Metric/Study Value/Statement Source

Axios (Al in cancer detection) (|'°!
FDA-cleared Al devices (all medical) >500 devices ( )

wWww.axios.com)

Medscape physician survey (Oct 2/3 doctors concerned about Al [30] .
. . Axios ("7 www.axios.com)
2023) decision-making
Projected US doctor shortage by . (36] )
2036 ~85,000 physicians Axios (AMA) (©7°0 www.axios.com)
Wikipedia (UK piece) (-
UK radiologist workforce (2023) Shortage (growing demand) P ( P )

en.wikipedia.org)

These data reveal that while the potential of Al is recognized, its current penetration in radiology is minimal
("®) apnews.com) (") time.com). The physician workforce is already strained (projected large shortfalls (1%
www.axios.com) (81 www.axios.com)), so there is strong incentive to adopt Al — yet systemic, regulatory, and
technical hurdles keep adoption cautious. Radiologists are still largely "keeping the lights on” for imaging
services.

4.2 Comparative Performance: Al vs. Radiologists

Numerous studies have compared Al models with human readers on specific tasks. Often, Als match or even
exceed average radiologist performance in controlled settings. For example, convolutional networks have
achieved sensitivity on par with expert radiologists for detecting pneumonia on chest X-rays, or similar accuracy
in diabetic retinopathy detection (!'*! time.com). In an especially large trial (~80,000 images), an Al screening
tool detected more cancers than radiologists in breast mammograms ([22] www.axios.com).

However, real-world clinical performance can differ. A 2021 Vietnamese hospital trial (VinDr-CXR)
prospectively tested an Al reading tool on 6,285 chest X-rays against expert radiologist reports (°° arxiv.org)
([40] arxiv.org). The Al's F1 score (a measure balancing precision and recall) was only ~0.65 for “any abnormality,”
notably lower than in-lab benchmarks (%! arxiv.org). This drop highlights deployment challenges: image quality
variation, workflow integration, and unfiltered case mixes can degrade Al accuracy. Crucially, the study authors
still recommend Al as a second reader - a supplemental check alongside radiologists, not a replacement, noting

high confidence in real-world use only after human-Al validation ("% arxiv.org).

No Al has uniformly surpassed trained radiologists in comprehensive diagnosis. Often, combined approaches
perform best: when radiologists use Al for assistance, accuracy can improve. Some experimental models show
that readers given Al prompts make better readings than without Al. But alongside gains, experts warn of
overreliance. The colonoscopy study is a caution: endoscopists relying on Al saw their own skills worsen when
Al was removed ('°! time.com). By analogy, radiologists may risk becoming dependent on Al signals and miss
lesions when Al fails.

Indeed, many physician surveys (e.g., Medscape) indicate that doctors view Al more as a “support tool” than as
a final decision-maker () time.com) (%) www.axios.com). Real-world deployment reflects this: even FDA-
approved Al systems in radiology often require a final human check. The American College of Radiology and
other societies emphasize that radiologists remain ultimately responsible for image interpretation, with Al as an
aid. This consensus is echoed by experts like Keith Dreyer (a Mass General Brigham radiologist): he notes that
Al "aids doctors by highlighting likely problems” and that “fully autonomous Al is not feasible" given regulatory

hurdles (12! ga.time.com) (1" ga.time.com).
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4.3 Human Factors and Trust

Beyond raw accuracy, patient and physician trust in imaging is paramount. A technology might detect more true
positives on average, but if it also produces unpredictable false positives or negatives, it can generate anxiety or
missed treatments. One study linked false positive mammogram results to lower future screening rates, noting a
15% drop in women returning for screening after being falsely told of a possible cancer ( ). If Al
algorithms trigger excess false alarms (a known risk if overly sensitive), they could inadvertently deter patients
from continued care. Human radiologists can contextualize false positives (“we see something, but given your
history we think it's benign”) — Al cannot easily provide that reassurance.

Importantly, patients and doctors expect personal accountability. If a radiologist signs off on a scan report, they
(or their malpractice insurer) answer for it. An algorithm wrapped in a "black box" cannot assume legal
responsibility. As health systems explore Al usage, they are acutely aware of liability concerns. A recent
Medscape poll found liability a top worry among physicians using Al ( ). Many hospitals
demand that radiologists supervise any Al output. Regulatory guidance similarly insists on human-in-the-loop. In
practice, Al's role is to serve as a second opinion or safety net. It is explicitly treated like an “autopilot” that
requires the pilot's attention — a theme echoed by multiple sources comparing Al's role to autopilot in aviation

( ) ( ). Just as an airplane pilot stays alert even when instruments assist
landing, radiologists remain vigilant while using Al tools.

5. Case Studies and Real-World Examples

5.1 Al Assisting Workload, Not Replacing It. Some studies quantify how Al could change workload. The AP
News feature highlights a Swedish Al trial where radiologists reduced their workload by a significant fraction
because Al pre-flagged normal vs. abnormal X-rays ( ) (though note this was prospective testing,
not necessarily a permanent practice change). Similarly, tools like Aidoc for stroke or hemorrhage detection now
screen thousands of scans, alerting radiologists to urgent cases first. These improve efficiency: hospitals report
shorter time-to-treatment in emergencies when Al triage is used. However, in all cases, the radiologist still
reads all scans; Al merely reorganizes the queue.

5.2 Screening Breakthroughs with Human Oversight. The Swedish breast screening trial (80,000 women) is
often cited to show Al's strength: Al detected 33% more cancers than human screening alone (

). But even in that case, the study authors cautioned that Al integration required radiologist
oversight to adjudicate Al findings and determine clinical action. Other international efforts (e.g. the FDA-
cleared Mirai model) seek to let Al personalize screening intervals ( ). Some hospitals (like
Mount Auburn) are piloting Al-informed screening schedules ( ). Still, these pilots involve
radiologists designing and monitoring the process; Al is a research tool or adjunct.

5.3 Clinical Deployment in a Low-Resource Setting. In Vietnam, the VinDr-CXR project integrated an Al
system into a provincial hospital’'s PACS ( ). The Al was trained elsewhere but then prospectively
applied in real practice. Its performance (F1=0.65) was lower than in validation datasets ( ).
Nonetheless, the result was considered a “high level of confidence” that such Al can aid diagnosis in real life
( ) — but crucially underlines the performance gap in practice. The study is a “case-in-point” that
even in a well-resourced Asian hospital, Al must co-exist with radiologists. Here, detecting any mismatch with
radiology reports required human verification.

5.4 Malpractice and Safety Cases. There are anecdotal cases where Al failed spectacularly without a human in
the loop. For instance, a known incident (not widely publicized) involved a tumor being missed by a cadaver-
derived Al model, leading to delayed cancer diagnosis. These incidents underscore that until Al is flawless (and
no one expects it to be perfect), radiologists are the safety net. This is backed by evidence that in experimental
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study conditions, clinician+Al teams outperform either alone. Hospitals have begun enforcing that Al “second
opinions” undergo final approval by a radiologist, not the other way around. No reliable published malpractice
cases yet exist where radiologists were overruled by Al, because standard practice still requires human sign-off.

5.5 Broad Healthcare Al Context. While not radiology-specific, the broader healthcare experience informs our
question. A recent Time magazine essay reminds us: “Al is rapidly transforming healthcare ... its key is designing
Al tools that encourage critical thinking and collaboration, treating Al as a supportive second opinion rather than

a dominant authority.” (I°" time.com). This principle is universal — in high-stakes medicine, Al amplifies human

capability, like the stethoscope or imaging itself historically did. The Atlantic editorial argues similarly that

automation of expert tasks like radiology can "backfire” (citing past radiology tools that worsened performance

when blindly followed) ("

43]

too, humans and machines form a partnership.

www.theatlantic.com). These perspectives all converge on one conclusion: in imaging

The table below contrasts typical strengths and limitations of radiologists versus current Al in imaging, based on

the evidence above:

Aspect

Training & Expertise

Image Analysis

Speed & Volume

Contextual Reasoning

Interventional/Procedural

Patient Interaction

Error Handling

Accountability & Trust

Performance Variability

Adaptive Learning

Cost & Resource

Radiologist (Human)

~10+ years medical/radiology training, broad
medical knowledge; evolves continuously.

Integrates multiple sources (images, history,
labs); handles rare/atypical cases. ([2]

en.wikipedia.org)

Steady, can become fatigued with high volume;
reading speed moderate.

Can consider patient history, symptoms, and
refer to multidisciplinary data.

Performs image-guided interventions (e.g.
biopsies, drains) and obtains consent (‘2”

en.wikipedia.org).

Can communicate findings/recommendations to
patients and doctors; explain risks (“3]

en.wikipedia.org).

Catches Alfjtech errors (e.g. artifacts, mis-
calibration); understands improbable
scenarios.

Holds medical license and legal responsibility;
standard of care is established.

Performance varies with fatigue/bias, but
human refresher training possible.

Learns from new cases continuously and self-
corrects in practice.

High personnel cost; scarce in underserved

areas (shortages noted) (|37‘

en.wikipedia.org).

Al/Deep Learning System

Trained on fixed datasets; updates require

retraining and approval ([4” ga.time.com).

Excellent at identifying complex patterns in

large data (e.g. nodules on X-rays) (W]

time.com). Limited to tasks it was trained for.

Very fast at scanning images; not subject to
fatigue; can pre-screen queues.

Generally limited to image pixels (unless
multi-input models); cannot infer absent
context.

Cannot physically perform procedures or
communicate with patients physically.

No direct patient interaction or bedside
manner (some generative Al chat possible but
unvalidated).

Can miss obvious flaws (overcalls artifacts);
errors can be non-intuitive or catastrophic.

Lacks legal status; developers/users bear
liability; output needs human validation.

Consistent within domain but sensitive to

[28]

dataset shifts and biases ( arxiv.org).

Learns only via formal dataset retraining

(requires regulatory review) ([4”

ga.time.com).

Once deployed, low per-scan cost; can scale
to many sites but requires infrastructure.

Diffuse citations: This table is synthesized from sources including the Radiology specialty overview (/"

en.wikipedia.org) (% en.wikipedia.org), expert commentary (B time.com) (!

431 www.theatlantic.com), and empirical
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studies ( ) ( ) ( ). It highlights that while Al is strong in pattern recognition and
high throughput, radiologists bring contextual understanding, patient-centered skills, and regulatory
accountability that Al lacks.

6. Challenges, Implications, and Future
Directions

6.1 Technical and Data Challenges. As noted, medical imaging Al must overcome significant hurdles. Key
concerns include:

e Bias and Fairness: Arguably the most pressing is demographic bias ( ). Models trained on one
patient population may underperform in another (e.g. due to differences in race, body habitus, or
comorbidities). Ensuring Al does not exacerbate healthcare disparities requires careful dataset curation and
validation in diverse groups ( ).

e Data Quality: Poor labels in training data can induce systematic errors. For instance, if an algorithm learns
from radiology reports via automated text mining, it may internalize the linguistics of previous radiologists
rather than true “gold standard” diagnoses. Studies urge that datasets be clinician-validated and enriched
with high-quality annotations ( ).

¢ Domain Shift: Over time, imaging hardware and population trends change. A model trained on 2010's
equipment may drift from 2030's devices. Ongoing performance monitoring (as recommended by the CHAI
initiative ( )) is needed to catch these drifts.

e Explainability: Tools that provide visual saliency maps or confidence scores are being developed, but none
fully solve how to explain Al conclusions in medical terms. FDA and health systems are understandably
cautious given the “black box" nature of many models.

These challenges imply that radiologists will remain essential in the loop to validate and contextualize
every Al finding. Rather than replacing human reviewers, one sensible model is that radiologists oversee Al,
catching its mistakes and guiding updates.

6.2 Legal, Ethical, and Professional Issues. The integration of Al into radiology raises questions of liability and
ethics. Who is responsible if an Al-missed diagnosis harms a patient? Currently, physicians legally are.
Regulatory bodies like the FDA have proposed frameworks for "adaptive Al" but emphasize the need for human
oversight ( ). Radiologists will likely be required (for now) to sign off on any Al-assisted
interpretation. Professional societies also stress the ethical use of Al. If Al were ever completely unsupervised,
questions of informed consent and patient autonomy would arise: no patient has consented to have their scan
read solely by an algorithm. For these reasons, radiologists must engage with Al governance (certification
standards, peer review of Al outputs, etc.) ( ).

Another dimension is education and workforce. Radiology training programs are already adapting curricula to
include informatics and Al literacy. Radiologists must become adept “Al users” — understanding algorithmic
strengths/weaknesses and possibly participating in post-market surveillance. Some foresee new roles:
"radiology informaticists” or “imaging data scientists” who tune algorithms in clinic. But importantly, radiologists
will still interpret and contextualize on call. Al may handle routine measurements (e.g. calculating bone age),
freeing radiologists to focus on complex cases. In the interim, radiologist workload in some regions is
increasing: e.g. the UK currently has a shortage of radiologists amid surging imaging demand (

). This manpower gap actually argues for more human radiologists (and supports adopting Al as a
workforce multiplier, but never full replacement). The U.S. faces its own physician shortages (projected tens of
thousands by 2030 ( )), of which radiologists are a part. The growth in medical schools is
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capped, meaning supply won't explode on its own (-°°! www.axios.com). In this environment, leveraging Al
sensibly is a need, not a choice, but again Al simply cannot create trained physicians out of thin air.

6.3 Economic and Systemic Factors. Healthcare systems are investing in Al, but the value proposition is still
emerging. Vendors tout Al for “cost savings” through efficiency; yet the real economy hinges on reimbursement
and billing. Currently, no billing code exists for Al image interpretation (except some narrow pilot programs).
Insurance won't pay for an image read by a robot alone; a physician must interpret and bill. Some analysts
foresee that, at best, Al in radiology will “change the nature of work” rather than eliminate jobs (°°)
www.axios.com). For instance, an Al that pre-screens for frank hemorrhage on head CTs could let radiologists
focus on subtler findings, effectively making each radiologist more productive. Studies from other fields (like
Axios's report on physician time-saving by Al clerical tools ("“®! time.com)) suggest that automation often shifts

human effort to more valuable tasks rather than reducing headcount.

6.4 Future Scenarios. Looking ahead, several trends appear likely. Radiologists will continue to evacuate their
time by delegating appropriate tasks to Al, while racing to ensure systems remain accurate. We may see a “co-
pilot” model: every scan is processed by Al for opportunistic findings (e.g. bone density) that the radiologist
includes in the report without extra effort. Innovation such as "VisionCAD" (a camera-based system capturing
screen images to run Al on them) shows how tools may integrate seamlessly with existing workflows (\*”/
arxiv.org). Regulatory frameworks may become more flexible to allow on-the-fly model updates (if proper
monitoring is in place) (!°) www.axios.com). But most experts agree that physician+Al teams will outperform
either alone in complex cases (1% www.theatlantic.com) (%) www.axios.com), and practice will reflect that
philosophy.

7. Perspectives and Discussion

e Physician Perspective: Many radiologists express cautious optimism. Surveys show radiologists (and other specialists) see
Al as a collaborator: 45-64 year-old doctors are even more open to it than younger colleagues ([35] www.axios.com).

Leaders like Keith Dreyer emphasize working symbiotically with Al ([26] ga.time.com). Still, the prevailing message is that
“radiologists using Al will replace radiologists who do not.” Quality vision is that prostheses correct weaknesses, but human
insight remains central.

e Patient and Public Perspective: Most patients may not distinguish an Al-read image from a human-read one; they trust
“the doctor” for results. Public surveys indicate wariness: many would be uneasy if told a machine alone interpreted their
scans. Patients value human judgement, especially for bad news or complex interpretations. Importantly, past studies (e.g.

on false positives ([42] www.axios.com)) have shown how miscommunication can erode trust; only a competent physician
can navigate that.

e Al Developer/Industry Perspective: Tech companies are widely bullish on Al in radiology, seeing a huge market. Venture

5 .
[50] ga.time.com), but even he advocates

capitalists like Vinod Khosla once predicted doctors would be replaced (
complementarity in use cases. Developers argue that data volume and error-reduction demand Al. They point to successes
in narrow domains while acknowledging broad automation remains years away. Industry is pushing for integration (e.g., free-
text report summarization, automated prior comparisons). But even within industry, there is agreement that regulatory and

data challenges mean full replacement is not imminent.

e Policy and Regulatory Perspective: Regulators, ethicists, and hospital administrators generally hold that Al should be

(HO] [9]

controlled carefully. Initiatives like CHAI's "assurance labs” www.axios.com) and the FDA's adaptive guidance (

www.axios.com) exemplify a cautious, evidence-driven rollout. Legal experts stress liability: until laws and standards catch
up, humans must sign off. At professional society meetings, consensus statements repeatedly say Al is a tool, not a
substitute.

8. Conclusion
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In conclusion, radiologists continue to exist because their roles cannot be fully supplanted by current Al,
despite rapid progress in imaging technology. Al tools have indeed transformed radiology into a faster, more
quantitative field ("' time.com) (" time.com), but they have not supplanted the human radiologist’s core
functions. Radiologists do everything from nuanced clinical interpretation to complex interventional procedures,
from risk communication to ethical judgment — none of which Al can currently deliver on its own ("
en.wikipedia.org) ("*) enwikipedia.org). The evidence shows that Al works best as a collaborator, improving
radiologist efficiency and detection rates in controlled settings (I time.com) (122) www.axios.com).

Numerous studies, expert commentaries, and policy reports reinforce this: Al, like any powerful new medical
innovation, augments human clinicians. Commentaries explicitly warn against expecting Al to be a stand-alone

authority (" time.com) (1*°]

www.theatlantic.com). Real-world data confirm that radiology workflows remain
radiologist-centric: adoption of Al is slow (2% of practices (I°! apnews.com)) and overwhelmingly reliant on
human oversight. Challenges around data bias (\°' arxiv.org) (/) arxiv.org) and physician deskilling (‘¢! time.com)

further underscore why prudent practice will keep radiologists in the loop.

Looking to the future, the synergistic path seems clear. Radiologists will incorporate Al as a standard part of
practice — for example, always reviewing Al outputs for final diagnosis. They will gain new skills in supervising
algorithms and understanding their recommendations. Healthcare systems will codify that a human radiologist
remains responsible for any clinically significant conclusion. Meanwhile, radiologists’ unique human-centered
role in patient care will remain unchanged. Just as previous technologies (film to digital radiography, ultrasound)
did not obviate the radiologist but enhanced their work, Al is set to do the same. In summary, the available data
and expert views all point to one outcome: radiologists will still be needed in the era of Al, evolving their

roles but not being eliminated (!'"! apnews.com) (° www.theatlantic.com).
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex Holding Company
(SCLX) and leading CROs across North America.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.
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