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OptoHub Technical White Paper 
 
Beyond 4K Surgical Imaging: OpƟcal ConnecƟvity for the Digital OperaƟng Room 
Why True 4K Architecture and Fiber-OpƟc ConnecƟvity MaƩer in the Digital OperaƟng Room 
 
1. ExecuƟve Summary 
  High-resoluƟon imaging has become a criƟcal foundaƟon of 
the modern operaƟng room (OR). Over the past decade, 
camera-enabled surgical lights, endoscopy systems, surgical 
microscopes, medical displays and video-management 
plaƞorms have become increasingly connected through 
recording, rouƟng, and hospital-network interfaces.  Surgical 
video now supports not only visualizaƟon of the surgical field, 
but also documentaƟon, educaƟon, remote collaboraƟon, 
and emerging ArƟficial Intelligence (AI)-enabled workflows. 
  8K remains an important development path, parƟcularly for 
selected specialƟes, research, and medical educaƟon.  
However, for medical device original equipment 
manufacturers (OEMs), OR integrators, and hospitals, the 
more immediate design challenge is not pixel count alone.  
Higher resoluƟon also increases interface bandwidth, 
processing load, thermal-design requirements, storage 
demand, validaƟon effort, and lifecycle cost.   
  This white paper examines why near- and medium-term 
differenƟaƟon may be driven less by a simple transiƟon from 
4K to 8K and more by robust end-to-end True 4K* system 
architecture, opƟcal connecƟvity, interoperability, and 
intelligent workflow integraƟon. The argument is not against 
8K adopƟon; rather, it is that system-level architecture, 
reliable transmission, and workflow integraƟon are likely to 
define pracƟcal value in the digital OR before 8K becomes a 
broad rouƟne standard. 

 
*"True 4K" 

In this white paper, OptoHub uses “True 4K” to refer to 
imaging systems that preserves naƟve 4K resoluƟon 
across the enƟre imaging chain—from image capture 
through transmission, processing, recording, and 
display.  True 4K systems do not rely on interpolaƟon, 
upscaling, or compressed transmission that 
compromises image integrity. This disƟncƟon is 
important because clinical value depends on the 
performance of the complete imaging system, not 
merely on the specificaƟons of camera itself. 

 
 

 
2. Market Overview 
2-1. A Growing Market for Smart ORs 
  Surgical imaging and visualizaƟon are becoming central 
components of the digital OR.  Real-Ɵme video is increasingly 
shared not only at the point of care, but also across the 
broader medical displays, recording systems, remote 
specialists, procedure documentaƟon, analyƟcs plaƞorms 

and AI-assisted systems. This shiŌ is being driven by the 
growth of minimally invasive and roboƟc-assisted procedures, 
investment in integrated ORs, demand for high-quality 
procedural recording, remote collaboraƟon, and emerging 
AI-assisted image analysis. 
  According to iData Research[1], the global video and 
integrated OR equipment market was valued at more than 
USD 10.72 billion in 2025 and is expected to grow at a 
compound annual growth rate (CAGR) of 6.6%, reaching USD 
16.75 billion in 2032. The firm reports that the increasing 
volume of complex, image-guided procedures, combined 
with the adopƟon of surgical roboƟcs, is driving demand for 
integrated ORs because these intervenƟons require highly 
coordinated, digitally connected operaƟng environments. 
Grand View Research [2] esƟmates the global surgical 
display market at USD 821.3 million in 2025 and USD 1.06 
billion by 2033, with 4K ultra-high definiƟon (UHD)  
represenƟng the largest and fastest-growing resoluƟon 
segment. These figures indicate sustained investment in 
digitally integrated OR infrastructure, although the markets 
include equipment categories beyond video transport and 
should therefore be treated as contextual indicators rather 
than a direct esƟmate of the opƟcal-connecƟvity opportunity.  
Fig. 1 summarizes selected market forecasts related to digital 
OR infrastructure.  

 

 
Fig. 1. Selected market forecasts related to digital OR 

infrastructure. 
 

  The trends point to a clear market direcƟon: hospitals are 
no longer purchasing isolated devices; they are invesƟng in 
connected imaging ecosystems. In that environment, the 
architecture used to capture, transmit, process, display, and 
store surgical video becomes a strategic design decision.  
 
2-2. Market Drivers 
  Several factors conƟnue to support growth in high-
resoluƟon surgical imaging. 
(1) Clinical visualizaƟon: Higher spaƟal resoluƟon and 

improved color reproducƟon can help users disƟnguish 
fine anatomical structures in selected procedures. The 
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pracƟcal benefit depends on the specialty, opƟcal 
system, display size, viewing distance, image-processing 
chain, and surgical task. 

(2) Digital ORs: Integrated OR plaƞorms increasingly 
connect devices and workflows that were previously 
standalone. MulƟ-display rouƟng, procedural recording, 
remote viewing, and centralized control are becoming 
common requirements in new OR deployments.  

(3) AI-enabled workflows: Surgical AI depends on 
representaƟve and consistently acquired data, stable 
video streams, accurate Ɵming and metadata, and 
sufficient image quality for the intended task. Higher 
resoluƟon may benefit selected applicaƟons, but 
resoluƟon alone does not determine AI performance. 

(4) Remote collaboraƟon and educaƟon: Remote review 
and teaching require consistent image quality, low and 
predictable latency, secure system integraƟon, and 
reliable signal conƟnuity. 

 
3. Why True 4K Became a Leading Plaƞorm for Surgical 

VisualizaƟon 
3-1. EvoluƟon of Surgical Imaging 
  Over the past two decades, surgical imaging has undergone 
a remarkable evoluƟon. The transiƟon from analog video to 
digital full high definiƟon (HD) significantly improved image 
quality, enabling surgeons to visualize anatomical structures 
with greater clarity while facilitaƟng digital recording and 
documentaƟon. Fig. 2 shows the evoluƟon of surgical 
imaging. 

 
Fig. 2. EvoluƟon of surgical imaging. 
 

  As display technologies matured, hospitals began 
demanding even higher image quality to support increasingly 
sophisƟcated surgical procedures. This demand accelerated 
the industry's transiƟon toward True 4K imaging. Surgical 
imaging systems are not driven solely by higher pixel counts. 
Instead, system designers must carefully balance several 
compeƟng requirements, including (a) clinical usefulness, (b) 
image quality, (c) reliability, (d) latency, (e) cost, (f) ease of 
integraƟon, and (g) long product life cycles. Fig. 3 shows the 
factors driving the evoluƟon of surgical imaging.  

 

 
Fig. 3. Factors driving the evoluƟon of surgical imaging. 
 

3-2. Why 4K Has Become the Preferred ResoluƟon 
  True 4K has emerged as a leading pracƟcal plaƞorm for 
premium surgical visualizaƟon because it delivers a strong 
balance of image quality, clinical usefulness, infrastructure 
compaƟbility, and system cost. UHD 4K at 3840 × 2160 
provides four Ɵmes the pixel count of 1920 × 1080 Full HD. 
Under appropriate viewing condiƟons, the addiƟonal spaƟal 
detail can support surgical visualizaƟon, procedural recording, 
educaƟon, and remote review. Its pracƟcal value, however, 
depends on the complete imaging chain—including opƟcs, 
sensor performance, processing, transport, display size, and 
viewing distance—not on resoluƟon alone. 
(1) Improved visualizaƟon in selected procedures: Higher 

spaƟal resoluƟon can help surgeons to disƟnguish small 
vessels, Ɵssue boundaries, and fine anatomical details 
more clearly, parƟcularly valuable during microsurgery, 
neurosurgery, and minimally invasive procedures. 

(2) Higher-quality documentaƟon: Hospitals increasingly 
archive surgical procedures for educaƟon, quality 
assurance, and clinical review. Higher resoluƟon 
recordings can provide greater value for post-operaƟve 
analysis, educaƟon, quality assurance and image-based 
analysis. 

(3) Enhanced educaƟon and collaboraƟon: OR video is no 
longer viewed only by the surgeon. Today's surgical 
procedures are frequently observed by medical 
students, residents, remote specialists, and training 
centers. Large format 4K displays can improve the 
visibility of procedural details for trainees, observers, 
and remote specialists. 

(4) CompaƟbility with established ecosystems: One 
important reason for the success of 4K is that it can be 
implemented without fundamentally changing hospital 
workflows. Compared with 8K, 4K can oŌen be 
implemented through more mature camera, processor, 
display, and recording ecosystems.  This has reduced 
both technical risk and implementaƟon costs. 
 
 
 
 



 

3 
 

3-3. Why 8K AdopƟon Remains Limited 
  The limited adopƟon of 8K in surgical imaging systems does 
not mean that 8K lacks merit. Rather, it reflects the way 
healthcare organizaƟons evaluate technology. Hospitals 
typically invest in soluƟons that improve clinical performance, 
workflow efficiency, reliability, and total cost of ownership. 
For many decision makers, the key quesƟons are not simply 
technical; they are strategic: 

 Does higher resoluƟon improve surgical 
performance?  

 Does it improve paƟent outcomes?  
 Does it jusƟfy addiƟonal investment?  
 Will it increase system complexity?  

  At present, 8K has demonstrated potenƟal in early clinical 
and educaƟonal applicaƟons, including improved perceived 
detail, presence, and visibility of fine anatomy. However, the 
published evidence remains limited in scale and does not yet 
establish a broad clinical- or paƟent-outcome advantage over 
4K. AdopƟon therefore remains concentrated in selected 
specialist and research applicaƟons rather than rouƟne OR 
deployment. 
 
3-4. Beyond ResoluƟon 
  ResoluƟon is only one dimension of imaging performance. 
Clinical usefulness may also depend on color accuracy, 
dynamic range, frame rate, moƟon rendering, end-to-end 
latency, signal conƟnuity, and workflow integraƟon.  As 
surgical environments become more connected, 
transmission architecture becomes as important as camera 
performance, because even the highest-quality image has 
limited value if it is delayed, degraded, interrupted, or 
difficult to route, record, and display. 
  The observaƟon above raises an important quesƟon: If 
image resoluƟon is no longer the primary limitaƟon, what will 
define the next generaƟon of Surgical imaging systems? The 
answer may not lie in addiƟonal pixels. Instead, it may lie in 
how imaging systems are connected, integrated, and 
designed for future ORs. 
 
4. Will 8K Become the Next Standard? 
4-1. The Next Logical Step 
  Since the introducƟon of True 4K imaging, the industry has 
naturally asked what comes next. In consumer electronics, 
the answer is oŌen framed as a move to the next resoluƟon 
format. In medical technology, however, the decision is more 
complex. Device manufacturers and hospitals must consider 
clinical value, workflow impact, lifecycle cost, integraƟon risk, 
validaƟon requirements, and long-term support. The central 
quesƟon is therefore not simply whether 8K can be 
implemented, but whether it delivers enough incremental 
value to jusƟfy the added complexity. 
 
 
 

4-2. What 8K Could Offer 
  From a technical perspecƟve, 8K imaging offers several 
potenƟal advantages: 
(1) Greater spaƟal resoluƟon: At the same frame rate, bit 

depth, and chroma sampling, 8K contains four Ɵmes as 
many pixels as 4K. This may provide addiƟonal spaƟal 
detail in applicaƟons such as microsurgery, 
ophthalmology, neurosurgery, and vascular procedures, 
provided that the opƟcs, sensor, processing chain, 
display, and viewing condiƟons can preserve and reveal 
that detail. 

(2) Improved digital zoom: Higher-resoluƟon acquisiƟon 
provides greater cropping and digital-zoom headroom 
while retaining an output suitable for a 4K display. 

(3) AI applicaƟons: Higher-resoluƟon acquisiƟon may 
benefit selected segmentaƟon, navigaƟon, or 
measurement tasks. The benefit depends on data 
quality, labeling, algorithm design, compute capacity, 
and latency—not resoluƟon alone. 

(4) Future-proof system design: Because medical plaƞorms 
are commonly developed and supported over long 
product cycles, some OEMs may evaluate 8K capability 
as a future architecture opƟon rather than an 
immediate clinical requirement. 
 

4-3. The Engineering Reality 
  Despite these advantages, migraƟng from True 4K to 8K 
presents significant engineering challenges. At the same 
frame rate, bit depth, and chroma sampling, an 8K signal 
contains four Ɵmes the pixels of a 4K signal. Depending on 
the architecture, this can increase sensor readout, interface 
bandwidth, processing, memory, storage, power, thermal-
management, and validaƟon requirements. The transiƟon is 
therefore a system-level engineering decision, not simply a 
camera replacement. Fig. 4 summarizes the impact of higher 
resoluƟon on system architecture. 
 

 
Fig. 4. Impact of higher resoluƟon on system 

architecture. 
 

4-4. What Do Hospitals Actually Need? 
  For hospitals, the relevant quesƟon is not only what is 
technically possible, but what creates measurable value for 
surgical teams and paƟents. Many insƟtuƟons conƟnue to 
prioriƟze workflow integraƟon, dependable recording, 
ergonomics, serviceability, cybersecurity, and compaƟbility 
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with future analyƟcs. In this context, the market is asking not 
merely for higher resoluƟon, but for imaging systems that are 
easier to integrate, validate, operate, maintain, secure, and 
expand. 
  The surgical imaging industry oŌen debates “4K versus 8K.” 
However, this comparison may overlook a more fundamental 
challenge. Clinical value in surgical imaging is not defined by 
resoluƟon alone. It emerges from the intersecƟon of 
intelligent integraƟon, dependable connecƟvity, seamless 
workflow, and uncompromising image quality, as shown in 
Fig. 5—all anchored by system reliability. 
 

  
Fig. 5. Five pillars of clinical value. 

 
  Future ORs will increasingly depend on connected imaging 
devices, AI-assisted workflows, distributed image processing, 
remote collaboraƟon, and reliable real-Ɵme transmission. 
These trends suggest that the next major innovaƟon may not 
come from the image sensor alone, but from the 
infrastructure that allows high-quality images to move 
efficiently, reliably, and securely across the OR and beyond. 
This raises a broader design quesƟon: how should next-
generaƟon surgical imaging systems be connected and 
integrated to create clinical, operaƟonal, and business 
valued? 
 
5. The Real Challenge in Next-GeneraƟon Surgical 

Imaging Systems 
5-1. The BoƩleneck Is ShiŌing from Capture to End-to-End 

System Performance 
  For many 4K surgical workflows, camera and display 
resoluƟon are no longer the only—or necessarily the 
dominant—design constraints. The engineering challenge is 
increasingly end-to-end: transporƟng high-quality video 
across the OR with predictable latency, maintaining Ɵming 
and signal integrity, and integraƟng recording, display, control, 
and networked systems.  As surgical imaging systems 
become more connected, image transmission has become a 
criƟcal design consideraƟon. 
 
5-2. The Modern OR Is Becoming a Connected Imaging 

Plaƞorm 

  A digital OR may include camera-integrated surgical lights, 
endoscopy systems, surgical microscopes, roboƟc cameras, 
medical displays, video routers and recorders, AI-processing 
plaƞorms, and enterprise image or video archives, including 
Picture Archiving and CommunicaƟon System (PACS) or 
Vendor Neutral Archive (VNA) integraƟon where applicable. 
These systems do not necessarily exchange every stream 
conƟnuously; rather, the architecture must route the 
appropriate video and metadata to the appropriate 
desƟnaƟon at the required Ɵme. Fig. 6 illustrates an image of 
a future digital OR. These systems conƟnuously exchange 
high-resoluƟon video streams and increasingly funcƟon as a 
single integrated imaging ecosystem [3]. As a result, reliable 
image transmission has become just as important as image 
acquisiƟon. 

 
Fig. 6. Image of future digital OR. 

Source: OptoHub conceptual illustraƟon generated with AI. 
 

5-3. Why High-Bandwidth Electrical Transmission Becomes 
More Challenging 

  Electrical interfaces have supported surgical imaging 
systems for many years. However, as resoluƟon increases and 
OR environments become more connected, convenƟonal 
electrical transmission faces growing design constraints. 
(1) Higher data rates: True 4K video already requires 

substanƟal transmission bandwidth. For example, 
uncompressed UHD 4K/60 signal transported as 12G 
serial digital interface (SDI) operates at a nominal line 
rate of 11.88 Gb/s. Required bandwidth varies with 
resoluƟon, frame rate, bit depth, chroma sampling, 
interface overhead, and the use or absence of 
compression. MulƟ-camera systems mulƟply the 
aggregate transport requirement.   

(2)  Longer or more complex cable routes: Cameras, 
equipment booms, wall plates, recording racks, control 
rooms, and training or consultaƟon spaces may be 
separated by cable routes ranging from a few meters to 
tens of meters or more. Maintaining signal integrity and 
installaƟon margin becomes more difficult as data rate 
and reach increase.  

(3) ElectromagneƟc interference (EMI): The opƟcal fiber 
itself does not pick up electromagneƟc interference. 
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However, opƟcal transmiƩers, receivers, power 
supplies, and the final medical electrical system sƟll 
require appropriate EMI design and tesƟng.  ORs 
contain numerous electrical systems, including surgical 
equipment, imaging devices, power supplies, 
electrosurgical generators, and roboƟc systems, EMI 
resilience must be evaluated at the complete-system 
level.  

Moving equipment: Unlike fixed imaging systems, camera-
enabled surgical lights, roboƟc assemblies, and other 
movable imaging devices may be reposiƟoned repeatedly 
during a procedure. Cable mass, bend radius, torsion, 
connector durability, and serviceability therefore become 
important. Where conƟnuous rotaƟon is required, a fiber-
opƟc rotary joint may provide a system-level design opƟon.   
 
5-4. Why OpƟcal ConnecƟvity Changes the Design 

Philosophy 
  OpƟcal connecƟvity can address several of these constraints, 
parƟcularly where long reach, EMI resilience, reduced cable 
mass, or high aggregate bandwidth are important. It should 
not be presented as universally superior to copper: the 
appropriate medium depends on reach, interface, power 
delivery, serviceability, mechanical requirements, cost, and 
the regulatory path of the final system. Table 1 summarizes 
the pracƟcal differences between electrical and opƟcal 
transmission in this context. 
(1) Longer transmission distance: Fiber-opƟc links can 

transmit signals over much longer distances than 
convenƟonal copper cables, with minimal signal 
degradaƟon over extended runs. This provides greater 
flexibility when designing integrated ORs. 

(2) Immunity to EMI: OpƟcal fibers are inherently immune 
to electromagneƟc interference, helping maintain 
stable image transmission even in electrically noisy 
environments. 

(3) Reduced cable weight: Fiber opƟc cables are 
significantly lighter than comparable copper cables. 
This becomes parƟcularly valuable for ceiling-mounted 
surgical lights where moving mass directly affects 
mechanical performance. 

(4) Future scalability: Bandwidth requirements conƟnue to 
increase. Fiber infrastructure provides a pracƟcal 
migraƟon path toward future imaging technologies 
without fundamentally changing cabling architecture. 

 
Table 1. Comparison of electrical and opƟcal transmission. 

Electrical Cable OpƟcal Fiber 

SuscepƟble to EMI Immune to EMI 
Limited transmission distance Long-distance transmission 

Heavy cable Lightweight cable 
Higher signal loss Stable signal quality 

Future bandwidth limitaƟons Excellent scalability 
 

5-5. OpƟcal ConnecƟvity Enables New System 
Architectures 

  The strategic value of opƟcal connecƟvity is not bandwidth 
alone; it is the architectural freedom to place cameras, 
processing, rouƟng, recording, and display resources where 
they best fit the system. OpƟcal transport can support 
distributed or centralized processing, mulƟ-camera video 
transport, remote collaboraƟon, and centralized recording. 
SynchronizaƟon, interoperability, cybersecurity, and clinical 
validaƟon remain system-level responsibiliƟes [4]. For 
medical device OEMs, this architectural flexibility can create 
new opportuniƟes for modularity, product differenƟaƟon, 
and future upgrades.   
 
5-6. Looking Beyond 8K 
  The discussion around 8K imaging remains important. 
However, the future compeƟƟveness of surgical imaging 
systems may depend even more on how imaging devices 
communicate, synchronize, and integrate. In this context, 
opƟcal connecƟvity should not be viewed merely as a 
replacement for copper cables. It should be considered a 
foundaƟonal technology for scalable, intelligent, and 
connected OR infrastructure. 
  Future ORs will be built around connected imaging 
ecosystems rather than individual imaging devices. As 
hospitals conƟnue invesƟng in integrated ORs, roboƟc 
surgery, AI-assisted workflows, and remote collaboraƟon, 
opƟcal connecƟvity is expected to become an increasingly 
important design element. The more useful design quesƟon 
is therefore not simply “4K or 8K?” It is “How should future 
imaging devices be connected to create greater clinical, 
operaƟonal, and business value?” This perspecƟve shiŌs the 
discussion from resoluƟon alone toward architecture, 
interoperability, reliability, serviceability, and future 
scalability. 
 
6. Future Surgical Imaging Systems: From Connected 

Devices to Intelligent Imaging Ecosystems 
6-1. The OR Is Becoming a Digital Plaƞorm 
  Healthcare is undergoing a major digital transformaƟon. 
ORs are no longer collecƟons of independent medical 
devices; they are evolving into connected digital plaƞorms 
where imaging, paƟent informaƟon, roboƟcs, AI, and 
communicaƟon systems work together to support beƩer 
surgical performance and operaƟonal efficiency. In this 
environment, imaging systems are becoming strategic 
infrastructure not only for hospital workflow and digital 
transformaƟon, but also for medical device OEM 
differenƟaƟon. The architecture must connect video, control, 
metadata, recording, and analyƟcs without compromising 
safety, usability, cybersecurity, or serviceability. 
 
6-2. Imaging Is Becoming MulƟ-Source 
  Many convenƟonal OR video workflows were organized 
around one primary source at a Ɵme. Contemporary ORs 
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increasingly incorporate mulƟple sources, including 
endoscopy cameras, surgical-light cameras, microscopes, 
navigaƟon systems, fluorescence imaging, roboƟc cameras, 
and overview cameras. Each source generates valuable visual 
informaƟon. The challenge is no longer capturing images; it 
is integraƟng mulƟple image streams into one efficient 
clinical workflow. 
 
6-3. AI Workflows Require Data Integrity and Timing – not 

ResoluƟon Alone 
    AI-enabled surgical workflows may require conƟnuous and 
Ɵme-aligned video, consistent color and geometry, reliable 
Ɵmestamps, associated metadata, controlled latency, and 
representaƟve training data. Reliable connecƟvity therefore 
becomes a prerequisite for intelligent imaging systems. 
OpƟcal transport can carry high-bandwidth streams, but it 
does not itself provide camera synchronizaƟon or 
interoperability. Those funcƟons require system-level Ɵming, 
protocols, metadata handling, and soŌware architecture. 
 
6-4. OpƟcal ConnecƟvity Enables Future System 

Architectures 
  Fiber-opƟc transport can enable architectures with remote 
or centralized processors, mulƟple high-bandwidth camera 
links, centralized recording, and long-reach video distribuƟon. 
It does not by itself synchronize cameras, accelerate AI 
processing, provide cloud connecƟvity, or guarantee 
interoperability. Those outcomes depend on Ɵming, control, 
protocol, soŌware, cybersecurity, and validaƟon across the 
complete system. Fig. 7 shows the evoluƟon of system 
architecture. 
  Surgical imaging is entering a new phase. The compeƟƟve 
advantage of future surgical imaging systems will not be 
determined solely by camera resoluƟon. It will depend on 
how effecƟvely imaging devices communicate, collaborate, 
and integrate within the digital OR [5]. For this reason, opƟcal 
connecƟvity should be viewed as a strategic infrastructure 
technology for intelligent, scalable, and future-ready surgical 
imaging systems. 
 

 
Fig. 7. EvoluƟon of system architecture. 

 
 
 

7. Conclusions and Future PerspecƟves 
7-1. The Industry Is Asking the Right QuesƟon—But Not the 

Complete QuesƟon 
  The industry is right to ask whether surgical imaging systems 
will eventually move from True 4K to 8K. However, that 
quesƟon alone is incomplete. Higher resoluƟon will maƩer in 
selected applicaƟons, but resoluƟon alone will not define the 
next generaƟon of surgical imaging. Modern ORs require 
systems that are reliable, connected, intelligent, easy to 
integrate, and ready for future expansion. The industry is 
therefore shiŌing from a device-by-device specificaƟon 
mindset toward complete imaging ecosystems. 
  Based on current market data and product availability, 4K is 
likely to remain a leading surgical-visualizaƟon plaƞorm in the 
near to medium term, while 8K expands in selected specialist, 
research, and educaƟon applicaƟons. Its strength lies in a 
pracƟcal combinaƟon of mature technology, clinical 
acceptance, ecosystem compaƟbility, implementaƟon 
affordability, medical display availability, and proven 
reliability. Future innovaƟon is therefore likely to build on 
True 4K through improvements in dynamic range, color 
fidelity, AI-assisted enhancement, image processing, 
connecƟvity, and workflow integraƟon rather than relying 
solely on increased pixel count. 
 
7-2. OpƟcal ConnecƟvity Is Becoming Strategic 

Infrastructure 
  A key conclusion of this white paper is that future surgical 
imaging systems will be shaped not only by advances in 
camera technology, but also by advances in connecƟvity. As 
hospitals invest in integrated ORs, AI, remote collaboraƟon, 
digital workflow opƟmizaƟon, and mulƟ-camera visualizaƟon, 
the ability to transport large volumes of imaging data reliably 
and with low latency becomes increasingly important.  For 
medical device OEMs, opƟcal transport becomes strategic 
when it improves the product architecture—for example, by 
enabling longer links, simpler cable rouƟng, reduced moving 
cable mass, EMI resilience, modular upgrades, or centralized 
processing. OpƟcal transmission can therefore influence 
product differenƟaƟon, integraƟon effort, serviceability, and 
future scalability, but decision must be evaluated and 
validated at the complete-system level. 
 
7-3. Design ConsideraƟons for Future Surgical Imaging 

Systems 
  Looking ahead, manufacturers of surgical imaging systems 
may wish to consider several key design prioriƟes. Rather 
than focusing exclusively on image resoluƟon, future system 
architectures should emphasize: 
(1) Intended-use image performance: ResoluƟon, frame 

rate, bit depth, chroma sampling, colorimetry, HDR 
(High Dynamic Range), and acceptable end-to-end 
latency. 

(2) Interface and Ɵming architecture: 
transiƟon minimized differenƟal signaling (TMDS), SDI, 
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internet protocol (IP), clocking, synchronizaƟon, 
Ɵmestamps, and metadata. 

(3) Interoperability: IntegraƟon with imaging devices, 
displays, recorders, control systems, and hospital 
networks 

(4) EMI and electrical safety: System-level compliance 
and risk management, including the requirements 
applicable to the final medical electrical system. 

(5) Cybersecurity and data governance: Secure 
communicaƟons, access control, soŌware 
maintenance, and lifecycle vulnerability management. 

(6) Scalability and serviceability: Upgrade paths, modular 
replacement, diagnosƟcs, connector access, and field 
maintenance. 

(7) Mechanical and thermal integraƟon: Board size, 
power consumpƟon, heat, cable movement, bend 
radius, and rotary requirements. 
 

7-4. Final PerspecƟve 
  The future of surgical imaging will not be defined by a single 
resoluƟon format. The more important differenƟator will be 
how effecƟvely the complete imaging system is connected, 
integrated, secured, serviced and scaled. The quesƟon is no 
longer simply, "How many pixels can we capture?" It is, "How 
can an end-to-end imaging architecture create clinical, 
operaƟonal, and business value?"  
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About OptoHub 

OptoHub develops high-performance opƟcal connecƟvity video transport technologies for broadcast, media producƟon, medical, 
industrial, defense, and scienƟfic applicaƟons. By combining experƟse in high-speed opƟcal transmission with a system-level 
understanding of video architecture, OptoHub supports reliable and scalable connecƟvity for demanding visual plaƞorms. 

We welcome collaboraƟon with medical device OEMs, imaging-system manufacturers, system integrators, imaging engineers, 
product managers, and system architects evaluaƟng new connected-imaging plaƞorms. We help teams assess interface format, 
resoluƟon, transmission distance, latency, mechanical constraints, system scalability, and OEM integraƟon requirements. 

Contact OptoHub to discuss how opƟcal connecƟvity may support product differenƟaƟon, design flexibility, and future 
expansion in your next-generaƟon imaging architecture. 

To learn more about OptoHub opƟcal connecƟvity soluƟons, visit: hƩps://us.optohub.com 
 


