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This study evaluates how integrated network-centric Commandcommand, Controlcontrol, Communicationscommunications, Computerscomputers, and Intelligence intelligence (C4I) systems enabled effective combat medical evacuation during Operation “Iron Swords”, from October 2023 through January 2025. Prior combat -casualty-care research has largely assessed evacuation effectiveness through platform-specific, timing, or clinical-protocol metrics. Moving beyond operational description, this study develops and empirically applies a network-centric effectiveness framework that treats C4I-enabled coordination as the explanatory unit of analysis rather than background infrastructure. Drawing on operational and trauma -registry data from Gaza and southern Lebanon—1,443 helicopter-evacuated urgent casualties among approximately 5,063 total urgent evacuations —triangulated against published hospital and prehospital registries—the analysis shows that an integrated C4I architecture transformed evacuation from a platform-centered activity into a synchronized, dual-modality system. Ground and air evacuation operated as complementary modalities rather than competing alternatives: . although Although aerial platforms evacuated only 28.5% of urgent casualties, C4I-enabled triage and override authority concentrated these resources on the most time-critical cases, evidenced by 5.8-fold higher rates of severe injury and 11- to 14-fold higher rates of emergency surgical intervention among helicopter-evacuated patients. The study’s contribution is threefold: : It operationalizing operationalizes network-centric warfare theory as an empirically testable framework for casualty-care effectiveness; it providing is the first systematic empirical account of dual-modality ground-air coordination under sustained, multi-front urban combat; and it identifying identifies communications loss as the mechanism through which centralized C4I coordination fails in subterranean environments , with median time to casualty rising 7.5-fold, from 4.5 to 34 minutes, when tunnel communications failed. These findings show that coordination architecture—, not platform acquisition alone—, is a primary determinant of casualty-care effectiveness.	Comment by JP: The journal uses single line-spacing, full justification and non-initial paragraph indents.	Comment by JP: See notes in main body on the use of “approximately” here and elsewhere.	Comment by JP: This data detail feels too granular for an abstract/summary.	Comment by JP: "the primary" or "a key"?
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1. Introduction
Modern combat medical evacuation has evolved from point-to-point transport to a complex, network-centric system that depends on coordination across organizational, service, and domain boundaries (Cunningham et al., 2019). This reflects a broader transformation in military theory: . since Since the late 1990s, scholars have argued that operational effectiveness derives less from individual platform capability than from the information network linking sensors, decision-makers, and effectors (Alberts et al., 1999; Cebrowski & Garstka, 1998). Superior information sharing and shared situational awareness generate self-synchronization among between distributed elements—, an emergent effectiveness that poorly- connected platforms cannot achieve alone and whose the assessment of which requires outcome-based, mission-level frameworks rather than platform-centric metrics (Alberts & Hayes, 2003).
Despite three decades of theoretical development, empirical assessment of network-centric integration within combat medical evacuation—as distinct from maneuver, fires, or intelligence—remains limited. Effectiveness in this domain depends on the C4I architecture integrating medical, aviation, and command elements into a coherent operational system. Within this frame, the system-of-systems concept supplies the structural mechanism: operationally and managerially independent subsystems—tactical medics, ground ambulances, helicopter units, forward surgical teams, and hospitals—combine through C4I coordination into an emergent, mission-capable whole none could achieve alone (Maier, 1998; Sage & Cuppan, 2001).
Operation “Iron Swords,” which began following followed the October 7, 2023, Hamas attack on southern Israel—, with more than 1,145 deaths and approximately 1,800 wounded evacuated within the first 24 hours—. The operation provided was an unusual opportunity to evaluate network-centric C4I integration under extreme operational stress (Israel Defense Forces Medical Corps, 2025; Malkin, 2024): ). Tthe conflict combined was a combination of intensive urban combat, extensive subterranean warfare, and sustained multi-front operations, creating making it one of the most demanding recent environments for combat casualty care (Malkin, 2024).
Accordingly, tThis study asks examines how network-centric C4I integration functions as an empirically observable coordination architecture that shapes combat medical -evacuation effectiveness across ground and air modalities during sustained,  and multi-front urban conflict. 
The article’Its contribution is not in the descriptive claim that that medical evacuation was effective during Operation “Iron Swords,” produced an effective evacuation, but in the scientific claim that this effectiveness is explained by the structure and performance of theway coordination architecture linkingof  medical, aviation, command, and civilian health components was conducted. The study delineates a domain-specific model translates for network-centric warfare into a domain-specific model, specifying the mechanisms by which information flow translates into operational effectt—: patient selection, modality matching, routing, override authority, and handoff—. and It shifts the unit of analysis tical basis from aircraft, hospitals, or and clinical protocols to the integrated evacuation chain as an integrated process. Empirically, iIt provides is the first systematic account of dual-modality ground-air coordination in sustained, multi-front combat. Moreover, and it identifies centralized coordination communications failure under communications loss as a distinctive failure modefeature, responding as opposed to prior research that largely treated C4I largely as mere enabling infrastructure (Epstein et al., 2025; Kotwal et al., 2016).
During “Iron Swords,” Geographic geographic and infrastructural characteristics aspects shaped evacuation dynamics and have a bearing on generalizability. Distances from Gaza to Level I trauma centers ranged from 15 to 40 kilometers, and operations in southern Lebanon spanned 40 to 100 kilometers, —markedly shorter narrower than the 200-plus kilometers typical of comparable Afghanistan-based operations (Olson et al., 2013). These shorter distances involved allowed ground ambulances to reach urgent casualties quickly, delivering wounded soldiers from the front line to hospital in an average of in just over one hour on average (Sheba Global, 2024). C4I integration further compounded aided this advantage by enabling real-timeadaptive and pre-emptive triage: selecting of the evacuation method best suited to injury severity, tactical conditions, and system-wide resource availability rather than simply following a fixed protocol. The Israeli hospital trauma system —organized around Supra-Regional Tertiary (Level I), regional (Level II), and local (Level III) trauma centers —integrated seamlessly with military assets through the Ministry of Health’s Health Emergency Operation Center (EOC), which assigned destination hospitals based on highly-real-timeadaptive capacity and load assessments (Gozlan et al., 2024; Nitzan et al., 2024).	Comment by JP: Suggested, since all triage is "real-time" as such, isn't it?	Comment by JP: Again, since all assessments are "real-time" as such, aren't they?
2. Literature Reviewreview	Comment by JP: The journal does sentence case structure for sub-headings (though not for main headings, for some reason).
Modern Recent combat casualty-care principles emerged were derived from systematic data collection and analysis in Iraq and Afghanistan (2001–2017), ) and producing produced protocols that changed battlefield medicine: . Tactical Combat Casualty Care (TCCC) guidelines emphasizing emphasize hemorrhage control, prompt use of tourniquet use,s and hemostatic agents; , damage -control resuscitation; , and early forward deployment of blood products (Butler et al., 2017; Chang et al., 2017; Howard et al., 2019). The IDF adopted these best practices through its 2012 “My Brother’s Keeper” initiative: rapid hemorrhage control, prioritizing freeze-dried plasma at the point of injury, low-titer O whole-blood programs, and evidence-based limits on prehospital airway procedures (Glassberg et al., 2013). Freeze-dried plasma has been the IDF’s preferred resuscitation fluid of choice for hemorrhagic shock since 2013 (Nadler et al., 2019), ). These approaches were adopted within a decade of forward-resuscitation advances that preceding preceded Operation “Iron Swords” (Glassberg et al., 2014).
Comparative analysis of the 2014 and 2023 conflicts documents continued served further clinical evolution: . advanced Advanced prehospital airway interventions decreased from 11.6% to 6.0%,  percent, while prehospital blood transfusion rose from 6.6% to 16.4%,  percent, alongside declining thoracostomy and expanded advanced life -support (ALS) deployment (Epstein et al., 2025). A registry-based comparison of hospitalized casualties similarly found more severe and critical injuries in 2023 than in 2014, alongside structural changes such as upgrading hospitals near the conflict zone to Level I status (Tiruneh et al., 2024). These trends embody an evidence-based “less is more” philosophy —and establish that clinical protocols alone cannot explain outcome differences between conflicts: , since severity rose even as case fatality fell, pointing toward coordination and systems-level factors, including C4I integration, investigated directly here.	Comment by JP: Which one? You haven't previously mentioned a 2014 conflict. 
Clinical advances increasingly depended on command -and -control integration. Military evacuation systems operate as complex adaptive networks requiring structures linking tactical care, transport, and receiving hospitals (U.S. Army, 2020). This doctrinal architectureal doctrine is reflected in the US Department of Defense (DoD) Architecture FrameworkDoDAF’s operational, systems, and services viewpoints, as well as in Joint Publication 6-0’s linkage of communications to command -and -control effectiveness (U.S. Department of Defense, 2010). This study therefore adopts a process-oriented evaluation logic consistent with medical command -and -control assessment frameworks: . Rrather than assessing communications technology in isolation, it asks investigates whether information flow improves tasking, triage, routing, and handoff across the evacuation chain (Gryth et al., 2012).	Comment by JP: The journal renders it without the dots.	Comment by JP: This needs expansion on first usage and no acronym as it does not feature again in the study's main body.	Comment by JP: It doesn't seem clear why there is a citation here if you are describing what your study does.
Medical evacuation networks exhibit the defining traits of a system of systems: operational and managerial independence of subsystems, ; emergent behavior arising from interaction, ; evolutionary development, ; and geographic dispersion (Maier, 1998; Sage & Cuppan, 2001). During Operation “Iron Swords,” this framework combined:  point-of-injury care by combat medics and forward physicians functioning as Advanced Trauma Life Support (ATLS) teams (Kortbeek et al., 2008); armored ground ambulances and helicopter-based MEDEVAC units; Role-2-to-Role-3 interfacility transport; and designated emergency landing sites as short-transfer hubs for unstable patients (Malkin, 2024). Effective C4I architecture comprises command authority, control mechanisms matching casualties to assets, communications infrastructure, computer systems, and intelligence integration for threat assessment (Hodgetts et al., 2006; Mahoney et al., 2015).
As a network of formally independent organizations without a single centralized authority, medical evacuation is structurally exposed to the problems of divided authority, resource competition during peak demand, information gaps between field and coordination centers, and the need for continuous adaptation (Checkland, 1999; Frykberg, 2002; Mabry et al., 2010; Soto et al., 2018). These challenges were visible from the outset of “Iron Swords.”: The events of October 7 confronted meant the Israeli healthcare system had to deal with approximately 1,457 casualties evacuated to hospitals within 24 hours, roughly half of them to Soroka University Medical Center alone—, making it the largest terror-related mass-casualty incident dealt with at any single Israeli hospital (Gozlan et al., 2024).	Comment by JP: That's a very precise number to follow "approximately." Do you rather mean an "estimated" or actual, in which latter case "approximately" should be removed?
Urban The high number of urban and subterranean environments evacuation sites compounded these coordination demandschallenges. Dense urban terrain limits landing zones, slows down ground movement, weakens radio coverage, and produces complex injury patterns from due to combined blast, ballistic, burn, and structural-collapse mechanisms factors (Kluger et al., 2014; Shilo Yaacobi et al., 2024; Tsur et al., 2025). Gaza’s tunnel network added made a distinct communications and access a distinct problem: , since operating in confined spaces, coping with degraded radio signals, and difficulty localizing casualties made continuous C4I coordination substantially harder than in surface operations (Malkin, 2024). These conditions make made Operation “Iron Swords” a demanding tough test of whether network-centric evacuation architecture’ remains effectiveness in environments that actively disrupt information flow.
3. Methodology
This study’s used systems analysis to assesses how network-centric C4I integration influenced the effectiveness of medical evacuation within the broader casualty-care system of systems during “Iron Swords.” The framework combined combines a description of the operational and systems architecture, an evaluation of performance across modalities, and an analysis of integration failures, treating C4I as both structural infrastructure and an operational variable. The evacuation chain was examined end to end—, from point of injury through forward Advanced Life Support (ALS) teams, ground and helicopter tactical evacuation, Role-2-to-Role-3 interfacility transfer, and to arrival at civilian Level I trauma centers—. This is because effectiveness in a system of systems cannot be assessed at any single node: . For example, a gain in helicopter speed is meaningless unless coordination directs it to the casualty who needs it most. Ground evacuation serves as the statistical reference category, not as a methodologically preferred baseline, . This is because it was numerically dominant (the scenario for 71.5% of urgent casualties) and because the question—assessing how C4I-enabled triage allocates scarce helicopter capacity —requires comparison with the larger population evacuated by the alternative modalityin other scenarios.	Comment by JP: Should you explain this in case some readers are unfamiliar with it?
Direct comparison with periods lacking when integrated C4I was absent is methodologically constrained: . Nno contemporaneous recent Israeli conflict has had a comparable combined comparable casualty volumetotal, urban intensity, and multi-front simultaneity without some C4I integration in place, . and tThe extant literature offering aon partial natural experiments in this regard attributes outcome differences to concurrent clinical and structural changes rather than to C4I alone. The closest most closely comparable available evidence is comes from the 2009 U.S. Department of DefenseUS DoD “golden hour” policy—a command-driven mandate rather than a clinical protocol change —that was associated with a reduction in the case-fatality rate from 13.7% to 7.6%  percent among more than 21,000 casualties in Afghanistan (Kotwal et al., 2016). This, however, was a command-driven mandate rather than a clinical protocol change. Nonetheless, aAs a coordination and tasking policy, it offers is the strongest existingnearest precedent that shows how command -and -control architecture can drive outcomes independent of platform or clinical capability. Within Israel, the registry-based 2014–/2023 comparison shows more severely injured casualties yet improved case-fatality outcomes in the second case—, something consistent with, though not proof of, improved coordination capacity (Tiruneh et al., 2024). The present study, however, hypothesizes therefore advances in C4I integration as the primary explanatory explanation hypothesis for these patterns observed,. This hypothesis is supported by evidence from the “golden hour” this precedent and the internal evidence in Sections 4 through 6in the three sections following this one, . The study is, thus, not rather than offering a controlled before-and-after evaluation.	Comment by JP: See note above on the mention of 2014, which needs an explicit link or cross-reference to avoid ambiguity.	Comment by JP: Right? Which precedent "this" is may have otherwise eluded/confused some readers.
Data was collection collected spanned from October 27, 2023, to January 19, 2025, encompassing on 1,443 urgent casualties evacuated by helicopter across more thanin over 700 flights—, that is, 28.5% of approximately an estimated 5,063 total urgent evacuations. During the Gaza ground operation, the IDF Medical Corps treated more than 5,000 injured soldiers through a systematic response that integrating integrated advanced trauma care (Malkin, 2024). Key data sources included IDF Medical Corps operational reports, electronic medical records with automated timestamps, prehospital documentation, and hospital trauma -registry data (Epstein et al., 2025; Malkin, 2024). By December 10, 2023, approximately 300 helicopter evacuations had transported about 600 wounded soldiers from Gaza— averaging aroundroughly two casualties per flight (Israel Defense Forces Medical Corps, 2025). Triangulation across independent sources assessed the reliability,  of the data and the analysis employed only descriptive statistics (medians and interquartile ranges), reflecting the non-abnormal distribution of evacuation-timing data. The internal IDF Medical Corps summary cited throughout is an unpublished institutional report;  thatit documents operational context and is cross-referenced wherever possible against peer-reviewed and public sources, consistent with standard practice for restricted operational material. Our use of aggregated data followed applicable institutional data governance and security review procedures. The analysis prioritized triangulated metrics and identified both failures and successes rather than presenting a uniformly favorable account.	Comment by JP: See note on the oddness of using "approximately" with a very unrounded number above.	Comment by JP: Why are there citations here when you are stating a simply fact about your methodology in this study?	Comment by JP: This feels underexplained.
Four constraints shaped our interpretation of the data. Firstly, operational security restricted meant our access to detailed C4I architecture was restricted, requiring reliance us to rely on aggregated metrics. Secondly, the exclusion of psychological casualties and hostage-rescue operations from the data collected means the findings address a specificparticular, though substantial, operational subset of the operational picture. Thirdly, the fifteen-month timeframe cannot is insufficient to capture longer-term morbidity data, rehabilitation trajectories, or mental-health sequelae. Fourthly, it should be borne in mind that the findings are specific to the Israeli context— of short evacuation distances and mature C4I and trauma -system infrastructure—.and must be adapted carefully elsewhere. Use of aggregated data followed applicable institutional data governance and security review procedures; the analysis prioritized triangulated metrics and identified both failures and successes rather than presenting a uniformly favorable account.	Comment by JP: By whom: The IDF Medical Corps or you? If you, should you explain why you did so? If the IDF, is there an explanation for why they did so that you could usefully give readers?	Comment by JP: I would suggest that this is, in fact, not a constraint on your interpretation but a caution about its wider applicability/comparability so, though a useful point to make, should not be listed here as a fourth example of constraint for your interpretation (but for others'). 	Comment by JP: What others might do in a similar vein does not seem a constraint on your interpretation of your data here, just its wider applicability/comparability.
4. Operational Process process and System system Architecturearchitecture
Understanding how C4I integration shaped outcomes during “Iron Swords” requires required us to tracing trace the process a casualty moved through before examining the coordinating architecture. At the point of injury, a combat medic or forward physician —operating as part of an ATLS team positioned far closer to the front line than in earlier conflicts—provided immediate hemorrhage control, airway management, and, where indicated, prehospital blood-product transfusion, while also transmitting casualty information via tactical radio to a coordination center (Malkin, 2024). The medic or physician was part of an ATLS team positioned far closer to the front line than in earlier conflicts. That The coordination center matched injury severity and tactical circumstances against available assets—ground ambulances or helicopters—. and, wWhere a helicopter was tasked, it organized dispatch with Israeli Air Force aviation units (Sheba Global, 2024). Ground ambulances generally proceeded directly to a civilian Level I trauma center. At the same time, hHelicopter-evacuated casualties were directed to default Level I centers or frontline-adjacent medical centers—, a routing decision made centrally by the Medical Operations Center but subject to flight-crew override based on real-time clinical judgments. On arrival, casualties entered the civilian trauma system, with destination assignment and load balancing managed nationally by the Ministry of Health’s EOC using real-time hospital capacity data (Gozlan et al., 2024; Nitzan et al., 2024). Casualties requiring higher-level surgical capability underwent a further Role-2-to-Role-3 transfer—with a median time involved of approximately 39 minutes—as distinct from the initial point-of-injury evacuation, with its median of approximately 23 minutes.
This process depended on coordinating an architecture of three coordinating layers linked end-to-end by a comprehensive C4I framework. At the tactical level, combat medics reported casualties over the radio while forward teams provided immediate patient stabilization. At the operational level, coordination centers connected tactical reports to system-wide resources and maintained situational awareness (Sheba Global, 2024). At the strategic level, the Medical Operations Center coordinated across all theaters, enabling resource redistribution when local capacity was exceeded, while the Ministry of Health’s EOC assigned hospital destinations (Gozlan et al., 2024; Nitzan et al., 2024). The design principle was deliberate: hierarchical command for system-wide oversight, distributed authority at the tactical edge, and information systems connecting the two to sustain a shared operational picture (Alberts & Hayes, 2003).
Figure 1
	Unclassified conceptual eEvacuation architecture
Sstep
	Function

	1. Point of injury
	Forward ALS stabilization and casualty reporting

	2. Tactical coordination center
	Initial triage, asset request, and tactical feasibility assessment

	3. Medical Operations Center / IAF tasking
	System-wide prioritization, helicopter tasking, and cross-theater resource allocation

	4. Ground or helicopter evacuation
	Dual-modality transport matched to severity, distance, threat, and asset availability.

	5. Ministry of Health EOC
	Destination assignment and hospital -capacity balancing

	6. Level I/II/III trauma center
	Definitive trauma care and surgical intervention

	7. Role-2-to-Role-3 transfer when required
	Escalation to higher surgical capability after initial reception

	Note: This figure is conceptual and unclassified. Detailed technical interfaces, communication frequencies, and platform-specific C4I configurations are omitted for operational security reasons.



Figure 1 frames the analysis that follows: . the The central question is whether this architecture improved allocation across modalities while preserving the capacity to adapt when clinical judgment and/or operational conditions required deviation from the default plan.
A central key manifestation of this design was the dual-modality use of ground and aerial evacuation within a single integrated system rather than as competing alternatives. Ground ambulances managed 71.5% of urgent casualties. At the same time, helicopter resources—primarily UH-60 Black Hawk aircraft, supplemented by CH-53 heavy-lift helicopters and Unit 669’s airborne combat search-and-rescue capability—were reserved for the most time-sensitive 28.5%; %. the The Black Hawk fleet alone completed hundreds of sorties around Gaza, evacuating approximately 1,800 wounded soldiers,  and often landing in or near active combat zones (Sheba Global, 2024; Jerusalem Post, 2024). Coordination centers applied flexible, C4I-enabled triage procedures based on injury severity, tactical constraints, resource availability, and hospital reception capacity—, an emergent capability of the integrated system that depended entirely on real-time situational awareness (Sheba Global, 2024).
The casualty-regulation function illustrates how centralized coordination and distributed judgment operated together. The Medical Operations Center assigned default destinations based on system-wide capacity management, while flight flight medical crews retained override authority based on real-time clinical assessment (Sheba Global, 2024). Crews exercised this authority in 33% of helicopter evacuations, and overrides tracked severity: . diverted Diverted casualties showed had 2.8 times higher rates of critical injury and 3.3 times higher rates of shock (Israel Defense Forces Medical Corps, 2025). Edge-level judgment thus reinforced rather than compromised centralized coordination—. the The system allowed tactical override of strategic defaults precisely when local information outpaced the central node, consistent with the “power to the edge” principle of placing decision authority at the point of greatest situational knowledge (Alberts & Hayes, 2003).
The supporting systems architecture is only partially visible for operational -security reasons, but its effects can be reconstructed. Digital alerts,Digital alerts, shared situational -awareness displays, electronic medical records with automated timestamps, and GPS-based asset tracking allowed coordination centers, the Medical Operations Center, and the EOC to allocate resources against a common operational picture; when digital systems failed, communication reverted to less effective voice channels. Emerging capabilities such as artificial-intelligence-assisted triage and automated physiological monitoring were present in the broader technological landscape but not centrally integrated into this architecture (Davis et al., 2022; Dreizin et al., 2023). The system thus functioned as a layered combination of voice and digital channels, registries, and tracking infrastructure—effective under most conditions but acutely dependent on the continuity of communications in subterranean and contested environments.
5. Operational pPerformance
Table 1
	Operational performance by evacuation modalitym
Metric

	Helicopter Evacuationevacuation
	Ground Evacuationevacuation

	Median time to hospital (IQR)
	69 min median (55–93 range)	Comment by JP: Is this correct? The figures seemed to need explanation
	100 min median (69–157 range)

	Critical injuries (ISS ≥25)
	16%
	<2%

	Severe injuries (ISS ≥16)
	29%
	5%

	Urgent cases
	90%
	20%

	Relative risk (severe injuries)
	5.8× higher
	Baseline

	Role-2→Role-3 transport median
	39 min
	—

	Point-of-injury evacuation median
	23 min
	—


Note: ISS = Injury Severity Score; IQR = Interquartile Range.
Casualties evacuated by helicopter reached hospital in a median of 69 31 minutes (IQR 55–93), compared with 100 minutes (IQR 69–157) for ground-evacuated urgent casualties—a 31-minutequicker, a difference that remained clinically acceptable given the short distances and kept the system within the “golden hour” framework (Sheba Global, 2024). The severity distribution shows this time saving was directed where it mattered most: . among Among helicopter-evacuated casualties, 16% had critical injuries (Injury Severity Score, ISS ≥25), 29% had severe injuries (ISS ≥16), and 90% were urgent cases (Benov et al., 2016), compared with under 2% critical, 5% severe, and 20% urgent among ground-evacuated casualties. This 5.8-fold higher rate of severe injury demonstrates the accuracy of C4I-enabled patient selection rather than a simple speed advantage. Within the chain, Role-2-to-Role-3 transports, staffed by more advanced providers, took a median of approximately around 39 minutes versus 23 for point-of-injury evacuations, reflecting deliberate, capability-matched deployment at each stage.	Comment by JP: It didn't seem necessary to repeat the stats already in the table, more the conclusions one can draw from them.	Comment by JP: Why a citation here? If this is "urgent cases" as defined by Benov et al., it seems to need spelling out.
Table 2
	Emergency interventions and relative risk by evacuation modality
Iintervention Typetype

	Helicopter Evacuationevacuation
	Ground Evacuationevacuation
	Relative Riskrisk

	Laparotomy/Thoracotomythoracotomy
	6.8%
	0.6%
	11.3×  times higher

	Neurosurgical intervention
	1.4%
	0.1%
	14.0 × times higher

	Burn surgery (all burn casualties)
	34%
	—
	—

	Rehabilitation transfer (burn casualties)
	50%
	—
	—



Note: “Relative Risk risk” in Table 2 indicates how many times more likely helicopter-evacuated patients were to require the listed intervention than ground-evacuated patients, calculated as the proportion of helicopter-evacuated patients requiring the intervention divided by the proportion of ground-evacuated patients requiring the same intervention. These values are descriptive and are not presented as adjusted causal estimates; . they They serve here as a proxy measure of the accuracy of C4I-enabled triage in directing the most clinically urgent casualties toward helicopter evacuation.
Hospital data corroborate that C4I-enabled triage identified casualties requiring immediate intervention. Among helicopter-evacuated casualties, 6.8% required laparotomy or thoracotomy within one hour of arrival, versus 0.6% of ground-evacuated casualties—an 11.3-fold difference—while neurosurgical intervention was required in 1.4% versus 0.1%, a 14.0-fold difference (Israel Defense Forces Medical Corps, 2025). Because these types of interventions are clinically urgent by definition, the high relative -risk values indicate that triage systematically directed casualties most likely to need immediate surgery toward the faster modality evacuationrather than distributing surgical need evenly. Among burn-injured soldiersthose with burn injuries, 34% required surgery, and half were subsequently transferred to rehabilitation units (Shilo Yaacobi et al., 2024).	Comment by JP: Again, please consider whether you need to re-present the data in the table in-text like this.
Sustained operations across Gaza, southern Lebanon, and northern Israel placed simultaneous demands on the same C4I architecture. Because the Medical Operations Center maintained a single shared operational picture across all theaters rather than geographically siloed command structures, it could reassign helicopter assets in real time based on relative severity and current load, while the Ministry of Health’s EOC redistributed hospital reception capacity nationally (Gozlan et al., 2024; Nitzan et al., 2024). This flexibility measurably extended effective capacity: . when When multiple mass-casualty incidents occurred simultaneously across fronts, response times increased by only 30–40% rather than in proportion to the number of incidents, indicating that coordination absorbed a substantial share of the added demand. The same increase confirms a structural limit: coordination redistributes existing capacity efficiently but cannot create capacity that does not exist, a constraint examined further in Section the next section6.
C4I effectiveness also varied by physical environment: . Iin open terrain with reliable communications, the system performed close to its theoretical optimum. Urban combat reduced but did not eliminate this effectiveness: . Iin Gaza’s dense urban landscape, landing zones were limited and enemy fire during takeoff and landing imposed additional constraints (Jerusalem Post, 2024; Malkin, 2024). On September 10–11, 2024, a UH-60 Black Hawk crashed during a landing attempt in Rafah while evacuating a critically wounded combat engineer; , with two soldiers were killed and eight injured, the fleet’s first operational accident of the war (Times of Israel, 2024). Flights nonetheless continued without interruption, illustrating system resilience even when an individual platform was lost. Subterranean operations exposed the architecture’s communication dependence most acutely, as examined in the next Section section. In all, 6: 67% of tunnel incidents involved communication breakdowns, and the median time to reach casualties rose from 4.5 minutes at the surface to 34 minutes underground—, a 7.5-foldan increase attributable primarily to communications loss rather than physical distance.	Comment by JP: How is this verified/verifiable?
6. Integration Failures failures and System system Limitationslimitations
Tunnel warfare exposed the mechanism by which C4I-dependent coordination can fail. With a 67% communication-failure rate in subterranean incidents, tactical units were frequently disconnected from coordination centers;  and signal loss drove the 7.5-fold increase in access time documented in the above sSection 5. The result was not only delay but fragmentation: . Uunits could not request specific assets, central nodes lost visibility, and helicopter resources could not be guided in real time. This narrows the scope of the the claims made about C4I vulnerability: . Tthe functions that failed catastrophically were centralized coordination and resource redistribution—dispatch tasking, cross-theater reassignment, and hospital-destination assignment—not C4I-enabled decision-making as such. Decentralized, pre-briefed tactical procedures proved more resilient, consistent with the “power to the edge” principle (Alberts & Hayes, 2003). Systems engineered for communications loss should combine centralized visibility when available with pre-positioned assets, time-based triggers, and distributed authority when connectivity fails.	Comment by JP: Should this be in the "recommendations" section?
The October 7 attacks warrants separate treatment from the fifteen-month campaign that followed:  because collapsing conflating the two phases risks overstating performance at the moment of greatest stress. In the opening hours of October 7, the scale, simultaneity, and geographic dispersion of the assault—, combined with attacks on roads to hospitals, casualties arriving by private vehicle without prehospital care, and conditions preventing ambulances from entering many combat areas —produced , near-total breakdown of centralized coordination in numerous areas, near-total breakdown of centralized coordination rather than managed, graceful degradation (Gozlan et al., 2024). The pre-existing architecture had not been designed for an event of this scale, and ad hoc, locally improvised response characterized much of October 7 itself. Only over the following days and fifteen months of sustained operations was the architecture gradually adapted, hardenedreinforced, and scaled to multi-front warfare. The graceful-degradation pattern described in Section 5 therefore characterizes the mature operational period, not the initial hours. Distinguishing these phases is itself a finding in that: graceful managing degradation is an achieved operational state requiringes deliberate design and adaptation,  and is not a default property of C4I integration.	Comment by JP: Its opposite or contrast seems readily deducible and, I'd suggest, "graceful degradation" sounds very odd and to describe a scenario that never happened.	Comment by JP: This covers "ad hoc."	Comment by JP: Again that sentence seemed readily implicit, especially given what you stated immediately beforehand.
Civil-military integration showed exhibited friction at organizational boundaries even where when overall cooperation was effective. Ambiguous Unclear command authority, incompatible information systems, and differing protocols required case-by-case resolution rather than a single unifying procedure. Integration nonetheless worked substantially better than these frictions would predict, owing to relationships and shared assumptions built through years of joint training before the war. The seamless coordination between military medical assets and civilian healthcare infrastructure—, in contrast to systems built around dedicated military hospitals—, materially enhanced capacity by allowing the much larger civilian trauma -care base to absorb military casualties directly (Malkin, 2024).	Comment by JP: How is this evaluated/evaluable?	Comment by JP: On what do you base this assessment of it?
7. Discussion
The Our findings advance the study of combat medical evacuation in three ways. Theoretically, they refine network-centric warfare theory by specifying the coordination mechanisms through which information superiority becomes medical -evacuation effectiveness: patient selection, modality matching, routing, override authority, and capacity redistribution. Methodologically, they shift the unit of analysis from platform speed or clinical intervention to the end-to-end evacuation chain, allowing C4I to be assessed as an operational variable rather than a technical backdrop. Empirically, they document how the same architecture produced optimization under normal connectivity, graceful managed degradation during mature, multi-front operations, and as opposed to the near-collapse of centralized control and subterranean communication failures during October 7’s opening hours and subterranean communication failures. This extends Kotwal et al.’s (2016)’s finding that survival depends on system coordination rather than platform speed to a multimodal C4I architecture in a sustained, high-intensity urban campaign.
These findings carry have direct implications for resource planning. Procurement strategies that prioritize aircraft while treating C4I as secondary misidentify the main determinant of evacuation effectiveness. Ground and air evacuation functioned as complementary modalities within a coordinated architecture: . Gground evacuation handled 71.5% of urgent casualties, conserving scarce helicopter capacity for the 28.5% most likely to benefit from speed and advanced en -route care. This approach paradigm was reinforced by forward ALS capability—, with paramedics and physiciansmedical staff embedded closer to the point of injury, in some cases with whole blood, and as well as senior physicians positioned further forward than in previous conflicts (Katzman et al., 2024; Malkin, 2024; Patel et al., 2004; Talbot et al., 2015).	Comment by JP: How this prioritization is conducted may be elusive for some readers since we are not dealing in like-for-like capabilities/assets. Can you adduce evidence that prioritizing aircraft has/might come at the expense of C4I investment?	Comment by JP: Foreign expressions used adjectivally like this (and ad hoc) aren't usually hyphenated.
Subterranean communications degradation demonstrates that comms communications infrastructure is a core component of the system architecture rather than a peripheral enabler: . with With a 67% tunnel communication--failure rate, sophisticated coordination offers only marginal benefit once information cannot move between tactical units and coordination centers. Three design responses existare possible: accepting reduced effectiveness in these environments; investing heavily in underground communications; or developing coordination methods independent of real-time communication, relying on pre-positioned assets and time-based triggers. The third option merits particular consideration: , as a design philosophy that deliberately accepts imperfect, asynchronous coordination in exchange for resilience when communications cannot be guaranteed.
Civil-military integration also raises governance questions. Command-chain ambiguity, incompatible information systems, and protocol differences are inherent risks in dual-authority systems, not merely local implementation problems. The Israeli experience suggests such systems perform best when authority, information -sharing mechanisms, and destination -assignment procedures are defined before crisis onset; . the The Ministry of Health’s EOC illustrates this through real-time hospital -capacity management (Gozlan et al., 2024; Nitzan et al., 2024).
C4I integration optimized available resources but did not eliminate capacity limits during “Iron Swords.” Better prehospital care allowed more severely injured casualties to survive to hospital arrival, increasing ICU use and length of stay (Nitzan et al., 2024). Similarly, the operation on multiple simultaneous fronts simultaneously required cross-theater reassignment of assets, . However, but this study did not conduct a dedicated national-level analysis of C4I capacity allocation across theaters—a gap addressed in Section 9, as we address below.
8. Recommendations
For military medical planning, the findings point to a shift in investment logic: . C4I integration should be treated as a primary determinant of evacuation effectiveness rather than support infrastructure secondary to aircraft acquisition. Communications, information systems, and coordination training merit should be priority prioritized alongside platform procurement, since survival outcomes depend heavily on system coordination (Kotwal et al., 2016; Malkin, 2024). The same logic applies to forward medical capability: . Pphysician-forward teams, paramedics close to the point of injury, and protocols for prehospital access to low-titer O whole blood and freeze-dried plasma should be institutionalized rather than treated as emergency adaptations, with logistics, storage, training, and prospective outcome-data collection developed together to quantify both benefit and risk (Katzman et al., 2024; Malkin, 2024; Nadler et al., 2019; Rittblat et al., 2025; Sheba Global, 2024).	Comment by JP: Again, could you adduce evidence that this is a real-life trade-off or how a comparison can/could be made?
The operational lesson is not that one evacuation modality should replace another, but that ground and air evacuation should be designed coordinated as complementary elements of a unified, dual-modality system. Planning should specify in advance how casualty severity, tactical constraints, resource availability, and hospital capacity will be matched in real time, treating communications redundancy as a structural requirement rather than a contingency. In subterranean environments in particular, resilience may depend not only on better communications but also on fallback procedures using pre-positioned assets, time-based triggers, and distributed authority when connectivity fails. Civilian emergency systems can adopt the same principles by strengthening multi-agency coordination frameworks, regional resource visibility, shared dispatch platforms, landing-site triage criteria, and routine disaster drills that preserve the inter-organizational relationships needed for coordination under stress (Gozlan et al., 2024).
9. Conclusion
Analysis of Operation “Iron Swords” indicates that C4I integration is a key determinant of medical -evacuation effectiveness in high-intensity conflict. Firstly, it enabled ground and air evacuation to operate as complementary modalities: , with ground handled handling 71.5% of urgent casualties, while and helicopter capacity was concentrated on the 28.5% that requiring required the most time-critical intervention. Secondly, communications continuity proved essential: in tunnel incidents, a 67% communication-failure rate and 7.5-fold increase in access time showed that centralized dispatch, reassignment, and destination control can collapse when connectivity is severed, even as decentralized tactical procedures remain viable. Thirdly, C4I improves allocation but cannot create physical capacity; improved prehospital survival increased downstream hospital demand, reinforcing the need to plan coordination and capacity together (Nitzan et al., 2024).
The achievement of a casualty fatality rate below 7%—being among the lower end of reported rates in recent high-intensity conflicts—confirms C4I’s role as a force multiplier, enabled by systematic integration of forward medical teams, prehospital whole blood and freeze-dried plasma, rapid evacuation protocols, and civil-military coordination (Epstein et al., 2025; Malkin, 2024; Nadler et al., 2019). At the same time, the vulnerabilities documented here—dependence on communications continuity, near-total breakdown of centralized coordination in October 7’s opening hours, organizational-boundary friction, and hard capacity limits during mass-casualty surges—demonstrate that even a mature C4I system retains still has practical limitations that planning must address explicitly rather than assume away.
These findings point to several future research priorities. A dedicated, national-level analysis of C4I capacity allocation across simultaneous theaters would address the multi-domain character expected of future conflicts (Biswas et al., 2025; Gelbard et al., 2024). A prospective or quasi-experimental study isolating C4I integration’s independent contribution, separated from concurrent clinical advances such as expanded blood-product use, would could strengthen the causal basis for the hypothesis advanced here, building on the 2009 U.S.US “golden hour” precedent (Kotwal et al., 2016). Longitudinal follow-up is needed to capture long-term morbidity, rehabilitation trajectories, and mental-health outcomes. Comparative studies of network-centric evacuation architecture in NATO and allied forces would establish how far these findings can be generalized beyond Israeli geographic and infrastructural conditions. Finally, focused evaluation of underground, and contested-environment communications—, and of coordination methods not dependent on continuous real-time communication —would address the clearest vulnerability vulnerabilities identified here.	Comment by JP: Why are there citations for what is a (no doubt well-grounded) assertion here?	Comment by JP: You don't need another citation for this as you have already given one and this is the conclusion section.
The lessons extend beyond military medicine. Dual-modality integration, distributed authority within hierarchical command, real-time resource visibility, and civil-military coordination apply to disaster response, pandemic management, and other multi-organizational emergencies. Future conflicts will likely involve more contested communications, more simultaneous theaters, and often longer evacuation distances. The central proposition is therefore practical and generalizable: under operational stress, C4I integration determines whether independent medical, aviation, command, and civilian-health components cohere into an effective evacuation system or remain isolated capabilities producing suboptimal outcomes.	Comment by JP: Should that rather read that they may do, subject to further study in those fields?	Comment by JP: OK, why?
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