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Syndrome Patients

Date: 15 October 2026

Main points. Diagnosed civilian Havana Syndrome / Anomalous Health Incident (AHI) patients 
in the United States have no federal case definition, reporting pathway, or clinician guidance. 
This comment makes two related but separate points:

1. Recognize AHI1 as a novel clinical phenotype. I ask HHS to recognize the core clinical 
phenotype (AHI1), also known as Havana Syndrome, as a novel phenotype diagnosed by 
expert physicians on objective findings, without deciding its cause or attribution. The 
Intelligence Community (IC) Experts Panel described its four core characteristics as a 
combination that "is distinctly unusual, is unreported elsewhere in the medical literature" 
[1, FOIA pp. 007–008]; the 2024 NIH studies defined AHI1 by those characteristics 
[2,3]; and diagnosed civilian patients are documented in the registry I direct [4,5] 
(Section 2). HHS should give diagnosed civilians a public-health home. 

2. Current safety standards are not adequate for the exposure parameters attributed 
to this condition. Directed, pulsed RF energy is the leading scientific explanation 
advanced for Havana Syndrome/AHI1, and expert judgment has moved from plausibility 
toward probability: the National Academies called it "the most plausible mechanism" in 
2020 [6], the IC Experts Panel found pulsed RF a plausible explanation of the core 
characteristics in 2022 [7; 1, FOIA p. 008], and in 2025 Giordano and colleagues wrote: 
"It is now widely accepted that directed energy exposure is the most probable cause" [8]. 
This comment addresses the pulsed-RF exposure parameters at the person, such as peak 
power density, field strength, pulse width, and repetition rate, as described by the IC 
Experts Panel, Dagro and colleagues, and others [1,9]. The federal RF limits that HHS 
and FDA rely on are time-averaged and designed to prevent tissue heating; they set no 
separate limits on peak power density, pulse width, pulse repetition frequency (PRF), 
energy per pulse, or modulation [10–12]. This comment concerns their health effects, not 
their source. 
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Section 1. Respondent and the Civilian Registry [Q2]

[Q2] I submit this comment as the Medical Director of the Civilian Registry for Diagnosed 
Havana Syndrome Patients (CRHS). (In this comment, civilians are people outside the federal 
workforce and their families; federal employees are also civilians in U.S. Government 
Accountability Office (GAO) usage [13].) I established the registry in August 2024, in the 
absence of federal civilian surveillance, to document and analyze physician-diagnosed cases in 
the U.S. civilian population arising from incidents on U.S. soil [4,5]. It has issued two public 
reports: the January 2025 interim report [4] and the January 2026 update [5]. My perspective 
comes from monitoring clinical diagnoses of these patients and the medical literature. This 
comment contains no personally identifiable or personal health information.

[Q2, Q11(g)] The registry counts as diagnosed only patients who provide medical 
documentation of a physician diagnosis of Havana Syndrome or an equivalent diagnosis [5]:

 January 2025 report: Seven diagnosed civilians (three male, four female), including one 
minor, in five states (Arkansas, Illinois, Colorado, New York, and Rhode Island), 
diagnosed between 2020 and 2024 [4,5,14]. 

 January 2026 update: Fourteen diagnosed civilians, double the January 2025 count. 
Seventy percent were female; median age rose from 50 to 53; the registry still included 
one diagnosed teenager. Florida had the most diagnosed patients, followed by New York. 
New diagnoses averaged 3.2 per year in 2022–2025. All diagnosed patients reported 
recurrent or ongoing incidents. One is on permanent disability attributed to Havana 
Syndrome [5]. 

 As of this writing (October 2026), the registry includes 21 physician-diagnosed civilian 
patients. 

These are counts of diagnosed patients who chose to come forward, not prevalence estimates, 
and U.S. health agencies have issued no case definition.

Section 2. Request: Recognize the AHI1 Clinical Phenotype [Q4(h), Q4(i), Q4(l), 
Q10(a), Q11(g), Q17(b), Q17(c)]

[Q4(h), Q4(i)] "Anomalous Health Incident" is an administrative label used for incident 
reporting and benefit eligibility, which is limited to covered federal employees and their 
dependents (for example under FECA Bulletin 22-03 [15]; the HAVANA Act itself covers 
"qualifying injuries to the brain" [16]). It is not a diagnosis. Within the cases carrying that label 
is a clinical phenotype, AHI1, that expert physicians have diagnosed as Havana Syndrome or an 
equivalent diagnosis on objective findings and that had not been described before 2016. The 
2024 NIH studies defined AHI1 as cases consistent with the four core characteristics used by the 
IC Experts Panel [2,3]; the Panel found that "A disturbance of the auditory or vestibular 
components of the ear could explain the core characteristics" [1, FOIA p. 017]. AHI1, as I use it, 
is the core-characteristics subset with objective otolithic and other findings. AHI2 refers to 
reported AHIs that do not fit the four core characteristics and lack otolithic findings. The 
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evidence for AHI1:

(a) Core characteristics. The Panel described acute onset of audio-vestibular sensory 
phenomena, sometimes including sound or pressure in only one ear or on one side of the head; 
other nearly simultaneous signs and symptoms such as vertigo, loss of balance, and ear pain; a 
strong sense of locality or directionality; and the absence of known environmental or medical 
conditions that could explain them [1, FOIA p. 007]. It found that this combination "is distinctly 
unusual, is unreported elsewhere in the medical literature," and that several aspects of "this 
unique neurosensory syndrome" make a functional neurological disorder unlikely [1, FOIA p. 
008]. What makes it unique is not any single symptom but the fact that they occur together, 
which is unprecedented.

(b) Pressure, vibration, and "buffeting" at onset. In the original Havana cases, a pressure-like 
or vibratory sensation accompanying the onset sound, likened by patients to air "baffling" [sic] 
inside a moving car with the windows partially rolled down, was reported as "pressurelike (n = 9, 
43%) or vibratory (n = 3, 14%)" among the 21 personnel evaluated at the University of 
Pennsylvania [17]; the National Academies reported that, of the 35 Havana individuals assessed 
at Penn, 16 reported "a sensation of pressure or vibration in the head" [6]. These overlapping 
cohorts predate the AHI1 definition; the Penn series, as part of Verma et al.'s cohort [18], in my 
assessment meets its criteria retrospectively, and the figures are not pooled. A peer-reviewed 
article describes, from the first-person perspective of a diagnosed civilian: "To power through 
the most severe attacks, I would scream in order to 'push' against extremely painful sensation of 
buffeting. It feels as if your head is being squeezed in a vibrating vice" [19, p. 5]. Buffeting or 
vibrating pressure is the most distinctive sensation in AHI1 patients and is not commonly 
described in the medical symptom literature.

(c) Early blood biomarkers. The Panel reported "early, transient elevations in biomarkers 
suggestive of cellular injury to the nervous system" in "the small number of affected individuals 
who were tested within an appropriate time period" [1, FOIA p. 008]. The markers were glial 
fibrillary acidic protein (GFAP) and neurofilament light chain (NfL), with a time course 
matching mild traumatic brain injury though at apparently lower levels; it called these data 
preliminary [1, FOIA pp. 014–015]. The Panel recommended testing "as soon as possible after 
an event, ideally within hours" [1, FOIA p. 009], and its appendices state that ubiquitin carboxyl-
terminal hydrolase L1 (UCHL1), a brain injury biomarker that "was not included in assays 
performed to date" [1, FOIA p. 114], "should be included in any diagnostic panel" [1, FOIA p. 
074].

(d) Otolithic injury. The defining objective finding is otolithic. In the University of Miami acute 
series, 25 individuals who reported a localized noise or pressure were compared with 10 
asymptomatic roommates; "100% of individuals had an otolithic abnormality and evidence of 
cognitive dysfunction," and the authors described "the universal nature of vestibular injuries" 
[20]. In the University of Pennsylvania series, objective findings included vestibular 
abnormalities in 81% [17].
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(e) Oculomotor and pupillary findings. In the same University of Pennsylvania series, clinical 
examination raised concern for oculomotor dysfunction in 15 individuals (71%), prompting 
referral to neuro-optometry; formal testing confirmed convergence insufficiency (52%), 
abnormal smooth pursuit (52%), and saccadic dysfunction (47%) [17]. In the acute Miami 
cohort, filmed eye-movement testing included smooth pursuit, horizontal, predictive, and anti-
saccades, optokinetic response, and vergence [20, p. 124]; 13 of 25 affected patients (52%) had 
an abnormal anti-saccade error rate, and central vestibular testing (optokinetic, saccadic, and 
fixation tests) was abnormal in 9 (36%) [20, p. 127]. A later retrospective analysis of quantitative 
video-oculography of vergence and pupil responses in 19 of these Havana diplomatic personnel 
and family members, tested in the acute period, showed patterns "markedly different" from 17 
patients with acute mild traumatic brain injury and from 62 controls; a discriminant classifier 
separated the groups with 91.8% overall accuracy (81.6% cross-validated) and "no confusion" 
between the Havana and concussion groups [21].

(f) Brain imaging and network-level disruptions. Advanced MRI by Verma et al. (2019) in 40 
U.S. patients showed significantly smaller whole-brain white-matter volume and differences in 
cerebellar microstructure and functional connectivity compared with controls, and higher 
fractional anisotropy in the splenium of the corpus callosum at an uncorrected threshold [18]. In 
Canadian diplomats and family members posted in Havana, fixel-based diffusion analysis 
showed reduced fibre density in the fornix and splenium in the exposed group (n = 16), 
correlated with persistent migraine, tinnitus, sound sensitivity, and fatigue [22]; the same group's 
earlier multimodal study, posted as a preprint, reported transient "paroxysmal slow-wave events" 
on magnetoencephalography (MEG) in exposed individuals, "diffusely distributed in both 
hemispheres, more prominently on the right" [23]. My peer-reviewed re-analysis of the AHI1 
rows of the published NIH neuroimaging data (43 AHI1 participants versus 48 controls) found 
significantly reduced salience-network connectivity (adjusted p ≈ 0.02–0.03) and nominal 
(uncorrected) midline white-matter changes, including a small (~2%) return-to-axis probability 
decrease in the splenium [24, p. 9]. It reports that these changes parallel Verma et al., both 
pointing to "key midline and long-range white matter tracts (notably the corpus callosum, 
cerebellar connections, and cingulum)" as "common loci of change" [24, p. 10; 18], though the 
matched structures and measures differ. The splenium of the corpus callosum is thus the one 
anatomical structure all three studies converge on, though the direction of change differs (higher 
anisotropy in [18], lower fibre density and return-to-axis probability in [22] and [24]), and the 
cohorts were analyzed separately and are not pooled (my analysis; see Section 8).

(g) Cognitive deficits. Cognitive deficits begin during or around the incidents and are chronic, 
persistent, in some reports progressive. In the acute Miami series, examined "approximately 4 to 
60 days after the most recent exposure" [20, p. 125], "All of the individuals noticed unsteadiness 
and cognitive symptoms (feelings of disorientation, lack of mental clarity, slower speed of 
processing, difficulty sustaining attention) within 18 hours of the exposure that produced ear 
pain" [20, p. 127], and testing of 9 individuals showed decrements "on measures of verbal 
fluency, working memory and sustained attention/vigilance" [20]. In the University of 
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Pennsylvania series, evaluated a mean of 203 days after exposure, "Persistent cognitive 
manifestations were reported by 17 individuals (81%)" [17, p. E4]; multidisciplinary evaluations 
raised concern for cognitive impairment in 16 individuals (76%), and the 6 with complete 
neuropsychological testing there "all had significant areas of cognitive weakness and/or 
impairment" [17]. In Canadian diplomats, a preprint reported "significantly lower performance in 
spatial working memory" [23]. In my re-analysis, the syndrome's sudden onset is "followed by 
chronic deficits" [24, p. 8], and I reported that civilians "are continuing to suffer progressive 
neurocognitive debilitation" [24, p. 12].

Defining this phenotype has been a serious and complex undertaking. Giordano and colleagues 
wrote that "The diagnostic process for Havana Syndrome AHIs remains complex and 
multifactorial" and proposed "modular artificial intelligence approaches, particularly those 
leveraging machine learning and predictive analytics," to integrate neuroimaging, cognitive, 
auditory/vestibular, and biomarker data [8, p. 1]; they noted that "diagnostic criteria continue to 
evolve" [8, p. 3]. Giordano has also written that AHIs "have presented a complex diagnostic 
challenge for both clinicians and government entities" and that "Diagnostic efforts have been 
hindered by heterogeneity in symptom reporting and the absence of standardized assessment 
tools" [25, p. 1]. None of these efforts currently sits in the public health domain.

[Q4(l), Q10(a), Q11(g)] The phenotype can be diagnosed without deciding its cause or 
attribution: from the history and distinct complaints (2(a)), and from objective otolithic, 
oculomotor (on clinical and neuro-optometric examination [17] and quantitative video-
oculography [21]), cognitive, and imaging findings, with timely blood biomarkers when 
available. AHI1 must be analyzed separately from AHI2 and never pooled with it; pooling 
dilutes the signal [24].

[Q17(b), Q17(c)] Request. HHS, CDC, and NIH should formally recognize the Havana 
Syndrome AHI1 clinical phenotype as diagnosed by expert physicians on objective findings, so 
that civilian patients can be counted, referred, and studied without resolving attribution 
(Recommended HHS Action 1).

[Q4(h), Q4(i), Q17(c)] Naming. Havana Syndrome is the most widely used term, AHI is an 
administrative label, and AHI1 is a phenotype placeholder. The naming gap is real and runs 
across sources:

 The IC Experts Panel called the core characteristics "a preliminary definition of an AHI 
neurosensory syndrome," "reproducible, as well as unique," but left it preliminary and 
unnamed [1, FOIA p. 014]. 

 Clinical investigators have used descriptions only [17,18,20,21]; Hoffer and Balaban used 
"acquired neurosensory dysfunction" in their paper titles as a descriptive term, not as a 
proposed disease name [20,21]. CDC's 2019 investigation likewise described only "a 
symptom cluster" following "an unusual auditory or sensory event," with case definitions 
but no name [26]. 

 Even in recent articles on AHI treatment (one peer reviewed, one preprint), the condition 



Page 6 of 30

is not named; the vague administrative label AHI is used instead [27,28]. 
 Military medicine has used "unconventionally acquired brain injury (UBI)," a term 

defined in a 2020 U.S. Special Operations Command policy memorandum and described 
in a 2021 military medicine article [29]; the 2025 clinical guidance of the Defense Health 
Agency (DHA) uses "AHI" and states that "AHI has also been referred to as" Havana 
syndrome and "Unconventionally acquired brain injury (UBI)" [30, p. 3]. 

 The Department of Labor's FECA Bulletin 22-03 does not name the condition; it notes 
that the symptoms "have since been collectively referred to as Havana Syndrome," and, 
because "symptoms are not compensable under the FECA," directs claims examiners to 
accept "a diagnosed traumatic brain injury, ICD-10 S06.301A" [15]. That code denotes a 
focal traumatic brain injury with loss of consciousness, which is not among the core 
characteristics; the DHA guidance instead treats witnessed loss of consciousness as a red 
flag and codes AHI as R44.9 or R29.90, both symptom codes [30, pp. 5, 11]. A 2024 
federal rule states: "There is no diagnostic code or criteria for AHIs in the International 
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)" [31, p. 
28634]. 

 On 10 July 2026, the Department of War (the Department of Defense, DoD) renamed its 
AHI Cross-Functional Team the Directed Energy Bio-Effects (DEBE) Cross-Functional 
Team, describing the change as applying "a more dedicated warfighter and medical 
focus" to "non-kinetic threats" [32]. That label names a mechanism without describing 
the clinical condition, and suggests that the cause may be regarded as established within 
military medicine; if so, the supporting evidence has not been shared with civilian 
medicine. 

 Building on UBI, I proposed non-kinetic brain injury (NKBI) as a placeholder name [24, 
p. 8], supported by network-level disruptions and advanced neuroimaging findings rather 
than the macroscopic lesions expected in traumatic brain injury (TBI) or concussion 
[18,24]. The term fits with the Department's focus on non-kinetic threats while naming 
the clinical injury rather than a mechanism, when findings support a diffuse form of brain 
injury. 

I ask HHS to adopt a phenotype-based name that does not presuppose a cause until additional 
data resolve it.

Section 3. Why This Comment Treats Havana Syndrome as a Pulsed-RF Exposure 
Problem [Q5(p), Q6, Q11(g), Q12]

[Q6, Q12] I do not ask HHS to decide attribution or source. I ask it to recognize the clinical 
phenotype (Section 2) and to recognize that expert bodies most often propose pulsed RF as the 
mechanism. That places Havana Syndrome under HHS's own question about non-thermal effects 
of pulsed and modulated signals:

1. The National Academies found that "directed pulsed RF energy … appears to be the most 
plausible mechanism in explaining these cases among those that the committee 
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considered" [6]. 
2. The IC Experts Panel found bulk heating "an implausible pathway" and rated thermo-

acoustic effects, pressure waves from "rapid thermal expansion of the affected tissue (but 
not bulk heating)," "a plausible pathway, with information gaps" [1, FOIA p. 036]; it 
notes this effect "can be a subthermal effect" [1, FOIA p. 111]. It also rated strong fields 
and resonant disruption plausible (Section 5). Its declassified executive summary reached 
the same overall judgment [7]. 

3. The registry's January 2026 update treats Havana Syndrome as a distinct neurological 
syndrome with a clinically validated AHI1 phenotype, separable from attribution debates, 
and finds the leading mechanism "converging on directed, pulsed radiofrequency 
exposure" [5]. 

4. Computational modeling shows that single microsecond pulses that heat tissue by less 
than a thousandth of a degree can produce potentially injurious stress waves deep in the 
brain while remaining "permissible by current safety standards" as judged against time-
averaged limits [9] (Section 5). 

The Department of War's renaming of its AHI team to Directed Energy Bio-Effects (Section 2) 
points the same way. If that mechanism is involved in any case, the exposure is likely invisible to 
a time-averaged, heating-based limit. That is a gap in the standards HHS is asking about, 
whatever the source of any particular exposure. Two prior Intelligence Community Assessments 
on AHI (ICA 2023-02286 and ICA 2025-00008) were ordered rescinded in June 2026 for failing 
to meet IC analytic standards [33]; the 2022 IC Experts Panel assessment relied on throughout 
this comment was not (Section 8).

Section 4. Federal Public-Health Response to Diagnosed Civilians [Q10, Q17(c)]

[Q10, Q17(c)] The federal record on diagnosed civilians:

 CDC's own record. In December 2019 CDC completed its Cuba Unexplained Events 
Investigation final report for the Department of State. From the records of 95 evaluated 
persons it applied stratified case definitions (15 presumptive, 31 possible, 49 not likely 
cases); onset timing and a biphasic course were criteria; federal employment was not 
[26]. That report treated the condition as a public-health issue. In response to my 
November 2024 FOIA request (CDC/ATSDR No. 25-00184-FOIA), CDC released a 25 
March 2022 e-mail from its Center for Global Health to overseas country directors and 
deputies, asking them to "share this with all CDC USDH [U.S. direct-hire] staff in your 
country" and transmitting "CDC Anomalous Health Incidents (AHI) Guidance" (not a 
draft) [34, FOIA pp. 4–5]. That guidance was addressed to the CDC workforce, not to the 
public or civilian clinicians. Separately, CDC withheld "a draft AHI guidance document" 
[34]. CDC also reported that "the CDC has not developed a registry for AHI"; the registry 
"is maintained by Department of Defense" [34, final letter p. 2]. 

 Inspector General and state referrals. In March 2025 I asked the Defense Health 
Agency Office of Inspector General Hotline to address the civilian registry report, which 



Page 8 of 30

urged CDC to track diagnosed civilian cases. It closed the matter on 12 March 2025, 
stating that "DHA OIG Hotline does not have purview over tracking of Havana 
Syndrome with any populace" [35]. According to the registry's January 2026 update, 
physicians for four diagnosed patients notified their state epidemiologists and asked for 
CDC guidance; no responses had been received at the time of that update [5]. Since that 
update, one has reported receiving a reply: a county health department, after consulting 
CDC, asked whether the patient had been in the military or a government employee, 
relayed that CDC's experience with AHI was "typically among individuals in the military 
or who are federal government employees," and advised only that clinicians "continue to 
treat the patient's symptoms" [36]. 

 Petition to CDC. On 29 September 2025 I petitioned CDC, by certified mail, to act on 
civilian Havana Syndrome: recognize it as a reportable condition among civilians; create 
or expand national surveillance to include civilian cases; publish diagnostic guidance for 
physicians; issue Health Alert Network bulletins and train public-health officials; and 
coordinate civilian access to programs equivalent to those for federal employees. The 
petition cites both the 2019 CDC case definition and the January 2025 Civilian Registry 
Report [14]. CDC-INFO answered that "this question is out of scope for CDC-INFO" [5]. 
On 15 July 2026 the CDC Executive Secretariat wrote that CDC had received the 
petition, that "the request falls outside the agency's purview to respond, so did not 
respond," and that "CDC did, however, forward your petition to the National Institutes of 
Health for their consideration" [37]. 

 Petition to NIH. On the same date I petitioned NIH for recognition that AHI affects 
civilians, inclusion of civilians in AHI research and a national civilian registry, retraction 
and re-issuance of the two 2024 JAMA studies, clinical evaluation guidelines for civilian 
providers, outreach and a referral pathway, and access for civilians to NIH clinical care 
and treatment protocols [38]. As of October 2026, NIH has not responded to either the 
petition I sent or the copy CDC forwarded. 

[Q17(c)] Litigation. On 23 June 2026, I and other plaintiffs filed Ber et al. v. Centers for 
Disease Control and Prevention et al., No. 8:26-cv-01822-KKM-LSG (M.D. Fla.), under the 
Administrative Procedure Act, 5 U.S.C. §§ 555(b) and 706, asking the court to compel CDC and 
NIH to recognize AHI/Havana Syndrome as a reportable condition for civilians, issue diagnostic 
guidance for physicians, establish civilian surveillance and reporting, provide civilians equal 
access to NIH research protocols and treatment programs, and issue Health Alert Network 
bulletins and training [39]. On 5 October 2026 the defendants moved to dismiss for lack of 
subject-matter jurisdiction under Rule 12(b)(1), arguing that the complaint identifies no discrete 
agency action the agencies were required to take and no final agency action [40]. The court has 
not ruled. I raise the case only as a fact relevant to Q10 and Q17: the agencies HHS asks about 
have not acted on the petitions or otherwise addressed diagnosed civilians.
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Section 5. Standards and Evidence Below the Limits [Q5(p), Q6, Q7, Q8, Q12]

[Q5, Q5(p)] Current limits. The FCC limits, based on NCRP (1986) and ANSI/IEEE C95.1-
1992 criteria [10], are set "well below the threshold for unacceptable rises in human tissue 
temperature" [12, para. 14]; ICNIRP 2020 restricts exposure "to limit temperature rise" [11, p. 
487]. In 2021 the D.C. Circuit held the FCC's 2019 decision to retain these limits arbitrary and 
capricious for lack of a reasoned explanation that they protect against harms unrelated to cancer, 
a failure it said also undermined the FCC's conclusions on long-term exposure and "exposure to 
RF pulsation or modulation"; the court took "no position in the scientific debate," and the limits 
remain in effect [41]. The FCC maximum permissible exposure (MPE) limits in 47 CFR § 
1.1310(e)(1), Table 1, cap time-averaged power density [10]. At 1 GHz:

 General population/uncontrolled: f/1500 = 0.667 mW/cm², averaged over 30 minutes. 
 Occupational/controlled: f/300 = 3.33 mW/cm², averaged over 6 minutes. 

Under § 1.1310(d)(4), "Exposure levels higher than the limits are permitted for shorter exposure 
times" if the average complies [10,42].

Current limits are anchored to heating. ICNIRP takes a whole-body specific absorption rate 
(SAR, the rate at which tissue absorbs RF energy) of 4 W/kg averaged over 30 minutes as the 
exposure that raises body-core temperature by 1 °C, and divides it by 10 for workers (0.4 W/kg) 
and by 50 for the public (0.08 W/kg) [11, pp. 488, 491–492]. The FCC adopts the same whole-
body SAR limits, and its power-density limits above are "derived from whole-body SAR limits" 
[10, §1.1310(b), (c), (d)(2)], resting on "a whole-body averaged SAR threshold level of 4 watts 
per kilogram" [42, p. 8]. These limits apply to exposure at the person: the power-density limits 
apply to fields "spatially averaged over the body dimensions" [42, p. 10], and SAR is the rate at 
which the body absorbs that energy.

The pulsed parameters postulated for Havana Syndrome and described by the IC Experts Panel 
and Dagro are defined by peak power and pulse width, not average heating. Because these limits 
are averages over time, each one also sets an allowed amount of energy per unit area over its 
averaging window. Dagro et al. applied this to the IEEE C95.1-2019 exposure reference level 
(ERL; Dagro et al. write "exposure reference limit") at the same 1 GHz frequency, 5 W/m² 
averaged over 30 minutes, which they calculated equates to 9,000 J/m² [9]. They calculated that 
a single 5-µs pulse incident on the head carries 75 J/m² in their model, "significantly less than the 
ERL standard" [9]. As the IC Experts Panel observed, safety reviews have often considered 
"only average power densities, which can be low in many scenarios relevant to AHIs" [1, FOIA 
p. 038]. Limits averaged over minutes and keyed to a 1 °C rise do not directly constrain them.
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[Q5(p), Q6, Q12] The Panel's pathway parameters. The IC Experts Panel summarized the 
signal parameters of the five electromagnetic pathways it considered; the table "shows 
parameters for pulsed signals, although continuous signals could also be used for some 
pathways" [1, FOIA p. 035].

Pathway
Peak Power (Field 

Strength)
Primary Frequency

Duration of Single 
Pulse (Pulse 

Repetition Frequency)
Biological Effects

Bulk heating
> 10³ mW/cm² (> few 
kV/m)

~ 200 MHz to < 6 GHz

Any duration or 
repetition rate, 
including continuous 
wave signals

Heat and tissue 
damage. Higher 
frequencies penetrate 
and heat less deeply 
than lower frequencies.

Thermo-acoustic
10² to 10⁵ mW/cm² (50 
to 200 kV/m)

~ 200 MHz to 3 GHz
≤ 5 µs (~ 1 Hz to 1 
kHz)

Pressure wave and 
possible traumatic 
brain injury. May hear 
clicking. Lower 
frequencies penetrate 
more deeply. Higher 
frequencies produce 
sharper waveforms.

Microwave-auditory
≥ 10 mW/cm² (≥ 1 
kV/m)

200 MHz to ~ 3 GHz
~ 1 ns to 1 ms (~ 20 Hz 
to 20 kHz)

Generates internal 
sounds through Frey 
effect. Can create a 
sense of vibrational 
pressure or buffeting.

Strong fields
~ 10² mW/cm² (> few 
kV/m)

Impulse rise time likely 
more important than 
frequency

≤ 1 ns (< a few MHz)

Can fracture 
membranes and 
capillaries, damaging 
myelin sheaths around 
neurons and the blood-
brain barrier, causing 
leakage of 
cerebrospinal fluid.

Resonant disruption
~ 10s of µW/cm² (~ 1 
mV/m to 1 V/m)

0 Hz to 10 kHz, 
possibly as much as 10 
MHz. Could be 
modulation of higher 
frequency carrier.

sub-ns to ms (< 100 
Hz?)

Could interfere with 
neuronal function, 
induce currents, 
depolarize membranes, 
disrupt ion 
concentrations, or 
stimulate nerves.

Adapted from 2022 IC Experts Panel, Figure 8 [1, FOIA p. 035]. Values and italics as in the 
original.

Of the five pathways, the Panel judged bulk heating "an implausible pathway" and the 
microwave-auditory effect "an implausible pathway on its own" [1, FOIA pp. 036–037]. It rated 
three plausible: thermo-acoustic effects ("a plausible pathway, with information gaps") [1, FOIA 
p. 036], strong fields ("a plausible pathway, with uncertainties") [1, FOIA p. 038], and resonant 
disruption ("a plausible pathway, with significant research gaps") [1, FOIA p. 039]. Overall, it 
found that "Electromagnetic energy, particularly pulsed signals in the radiofrequency range, 
plausibly explains the core characteristics, although information gaps exist" [1, FOIA p. 008].
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[Q6, Q12] One mechanism on a continuum: the thermoacoustic effect. A short RF pulse 
absorbed in tissue produces a rapid, minute temperature rise; the tissue expands thermoelastically 
and launches a pressure wave, which the Panel described as pulses "converted to an acoustic 
pressure wave that travels through the brain" [1, FOIA p. 036]. A thermoelastic mechanism is 
not a thermal (heating) effect: the temperature rise only drives the expansion and is far too small 
and brief to injure by heat [9; 1, FOIA p. 036]. I use three terms in distinct senses. Acoustic 
refers to the pressure wave in tissue. Auditory refers to its perception: the wave "travels by bone 
conduction to the inner ear. There, it activates the cochlear receptors via the same process 
involved for normal hearing" [43, p. 621]. Mechanical refers to the displacement and strain the 
wave imposes on tissue and on sensory hair cells [44]. What the wave does depends mainly on 
peak power and pulse width, not on average power. The values below are given in each author's 
own units.

 Low peak power: often described as the microwave auditory (Frey) effect, but not limited 
to sound perception. At the low end, the pressure wave reaches the inner ear and is heard 
as a click, buzz, or tone. The effect depends "upon the energy in a single pulse and not on 
average power density" [45]. For pulses of 10 to 32 µs, Lin found laboratory "threshold 
power densities of 2.25 to 40 kW/m² or an average quantity of 13.86 kW/m²" to be "a 
realistic threshold peak power density" for the effect [46, p. 19], and he concluded that, 
assuming the accounts are consistent, the effect "provides a scientific explanation" for the 
reported sounds [47]; he had written in 2021 that, "assuming reported accounts are 
reliable," the effect "provides a scientific explanation" [48]. By Lin's estimate, a 10-µs 
pulse at the hearing threshold raises temperature only "on the order of 10 ⁶ °C," yet ⁻
launches a pressure wave [46, p. 24]. Elder and Chou concluded that hearing RF-induced 
sounds, even "at exposure levels many orders of magnitude greater than the hearing 
threshold," "is considered to be a biological effect without an accompanying health 
effect" [45]. This view is now contested. Lin wrote in 2025 that time-averaged SAR "is 
woefully inadequate to account for the unique characteristics of pulse modulations (with 
nano to micro-second pulse widths) or to capture the effects of pulse modulated 
exposures including the microwave auditory effect, which occurs for microsecond pulses 
without any measurable temperature rise and at low levels of SAR" [49]. ICNIRP, finding 
no evidence that the effect affects health in realistic exposures, does "not provide a 
restriction to specifically account for microwave hearing" [11, p. 520]. The Panel called 
the microwave-auditory pathway "a weak thermo-acoustic effect" [1, FOIA p. 039], 
insufficient on its own for AHIs because at those powers "the pressure and shear forces 
are insufficient to disrupt cellular membranes or cause other biological effects" [1, FOIA 
p. 037]. However, the same pulsed signal could also engage the resonant-disruption 
pathway (see below), which depends not on peak power but on PRF or modulation 
frequency matched to the body's own rhythms. 

 Higher peak power, short pulses: pressure waves that can disrupt brain tissue. The Panel 
warned that "Brain tissue is fragile and vulnerable to mechanical disruption on scales not 
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easily observed by medical imaging" [1, FOIA p. 037]. Dagro et al. (2021; U.S. Army 
Research Laboratory, with Air Force Research Laboratory and academic coauthors) 
simulated single 1-GHz pulses in an anatomical human head; the study is computational, 
with no tissue or animal data [9]. Temperature rises below 0.0005 °C within 
microseconds caused thermoelastic stress waves focusing tensile pressure deep in the 
brain. With 5-µs pulses:

 Above 1.5 × 10⁶ mW/cm²: tensile pressures comparable to football head impacts 
(20 to 120 kPa). 

 1 × 10⁷ mW/cm²: tensile pressures exceeding what Dagro et al. call the 
"commonly cited thresholds for brain tissue cavitation," negative pressures of 
"roughly −100 to −150 kPa," at which bubbles can form and collapse in tissue, 
although its "behavior in brain tissue is far from fully characterized" [9]. 

The authors called these exposures "permissible by current safety standards," judged against 
time-averaged IEEE limits. They cautioned that these levels are "orders of magnitude larger than 
most real-world exposure conditions" and that the findings "should not be considered as 
clinically conclusive evidence" [9]. The Panel likewise notes that high-power short pulses (<5 
µs) can produce stress waves while "the temperature rise might be only 0.001 degree Celsius" [1, 
FOIA p. 073]. Baker et al. (2026) modeled thermoacoustic pressure waves from incident pulses 
in a layered head model and predicted that continuous pulsing builds up pressure in the head 
[50]. Yaghmazadeh wrote in 2024 that high-power sub-millisecond RF pulses can induce brain 
changes "while being compliant with current regulatory guidelines' limits, highlighting the 
necessity of revising them" [51].

[Q6, Q12] Pulsed RF is not limited to thermoacoustic effects. The Panel rated two further 
pathways plausible that work by different mechanisms.

 Strong fields. Nanosecond, high-field pulses "exert considerable forces on charged 
particles and cellular membrane potentials" [1, FOIA p. 038], possibly including "piezo-
electric-like pressure sensors in the skin and body" [1, FOIA p. 039]. The Panel noted 
that such fields "have been shown to disrupt ion transport, cell membranes, the blood-
brain barrier, and other aspects of living tissues," but that "Much of the work in this area 
has been performed in vitro or in vivo by using direct contact probes," so "there is little 
direct evidence of whether nonlocalized cellular effects would cause the core symptoms" 
[1, FOIA p. 038]. Cell studies illustrate the mechanism: nanosecond pulses induce 
phosphatidylserine externalization and calcium redistribution (in Jurkat T-lymphoblasts, 
in vitro) [52], and a single 600-ns pulse of 0.84–1.76 kV/cm opened calcium-permeable 
nanopores in neural cells [53]. Both used contact electrodes at fields far above anything 
an RF limit permits; because neither is below FCC limits, I cite each only as mechanism 
support. 

 Resonant disruption. This pathway is distinct from the thermoacoustic one: it depends 
on PRF or modulation frequency rather than on energy delivered per pulse, and it is in 
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principle tunable. The Panel wrote that "the human body has a variety of naturally 
occurring rhythmic or repetitive phenomena, ranging from neural activity to cellular 
functions and mechanical vibrations," and that "these resonances are typically at low 
frequencies, below 100 Hz" [1, FOIA p. 039]; that human systems are vulnerable to fields 
that resonate with these patterns "including at low powers" [1, FOIA p. 039]; and that 
"Some work suggests that resonant coupling into biological frequencies decreases the 
power required and increases the biological effects," though "such coupling requires 
further study for biological processes" [1, FOIA p. 040]. A low-frequency modulation on 
a higher-frequency carrier would propagate like the carrier "while causing biological 
effects similar to those produced by the lower-frequency component" [1, FOIA p. 040]. 
The Panel's listed peak power, "~ 10s of µW/cm²" [1, FOIA p. 035], is far below the FCC 
general-population MPEs in the range those limits cover (for example, 100 mW/cm² at 
0.3–1.34 MHz and 0.2 mW/cm² at 30–300 MHz) [10]. In a controlled human study, RF 
pulsed at 14 Hz, within the sleep-spindle band, increased spindle-band EEG power, and 
the authors concluded that "modulation frequency components within a physiological 
range may be sufficient to induce these effects" [54]; the peak spatial SAR was 2 W/kg, 
at the ICNIRP head limit and above the FCC 1.6 W/kg localized limit if read as a 1-g 
average; because it is not shown to be below FCC limits, I cite it only as mechanism 
support, not as evidence of harm. Resonant disruption is contested, especially among 
regulators: ICNIRP 2020 states that "there is no evidence that continuous (e.g., 
sinusoidal) and discontinuous (e.g., pulsed) EMFs result in different biological effects" 
[11, p. 487], while acknowledging that EEG alpha and sleep-spindle bands "are affected 
by radiofrequency EMF exposure" at SARs below 2 W/kg, "but there is no evidence that 
these relate to adverse health effects" [11, p. 518]. The Panel nonetheless rated the 
pathway plausible [1, FOIA p. 039], which calls for research, not dismissal. In my view, 
resonance may operate at two scales: the Panel's resonant-disruption pathway addresses 
the body's naturally occurring rhythms, which it lists as including "mechanical vibrations" 
and places "typically at low frequencies, below 100 Hz" [1, FOIA p. 039], while pulsed 
exposures also excite an acoustic resonance of the head itself, predicted at about 8 kHz 
for the human head [46, p. 25]; whether either can be driven to injurious amplitude has 
not been studied. 

The plausible pulsed-RF pathways are thus thermoacoustic (from the auditory end to the tissue-
disrupting end), strong-field, and resonant. Each depends on peak or pulse parameters that time-
averaged limits do not capture.

[Q6, Q12] Experimental evidence. Laboratory studies have reported biological effects from 
pulsed exposures whose time-averaged dose meets current limits (whole-body average SAR of 
0.08 W/kg for the general public; 0.4 W/kg occupational):

 Raslear et al. (Walter Reed Army Institute of Research, 1993). Rats exposed to 3-
GHz, 80-nanosecond pulses at peak powers in excess of 700 megawatts received "a 
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maximal, whole-body-averaged, specific-absorption rate of 0.072 W/kg." The authors 
found dose-response impairment in discriminating time intervals, indicating "that the 
microwave exposures were affecting cognitive function in the rats, particularly the 
decision-making process" [55]. The comparison of that SAR with the 0.08 W/kg public 
limit is mine; compliance with power-density limits was not assessed. 

 Lu et al. (1999). Rats exposed for 6 minutes to ultra-wideband pulses at 0.5 kHz PRF 
(1.00-ns pulses, 93 kV/m peak, whole-body SAR 70 mW/kg) developed a drop in arterial 
blood pressure lasting from 45 minutes to 4 weeks, "a robust, consistent, and persistent 
effect" [56]. A second group at 1-kHz PRF (SAR 121 mW/kg) exceeded the 0.08 W/kg 
public limit; I rely on the 0.5-kHz group. The comparison of these SARs with that limit is 
mine; compliance with power-density limits was not assessed. These pulses had no 
microwave carrier, and the effect was cardiovascular, not a brain or vestibular injury. 

 Gao et al. (2020). Rats given a single exposure to 20,000 ultra-wideband pulses (0.9 ns, 
10 Hz, peak field 400 kV/m) at a reported average SAR of 7.01×10 ³ W/kg showed ⁻
transient blood-brain barrier opening and a rise in serum S100β [57] (Section 6(c)). The 
comparison of that SAR with the 0.08 W/kg public limit is mine; compliance with power-
density limits was not assessed. 

[Q5, Q5(o), Q5(p)] Other national and international standards. Newer frameworks cover 
only part of the gap and do not protect against the exposures the Panel postulated:

 ICNIRP 2020. For brief exposures at 400 MHz–6 GHz, local specific absorption (SA; 
Table 3) and incident energy density (Table 7) limits apply to "any pulse, group of pulses, 
or subgroup of pulses in a train"; peak field limits (Table 8) cover only 100 kHz–10 MHz 
[11]. The per-pulse limit is itself thermal. 

 IEEE C95.1. IEEE C95.1-1999 and C95.1-2005 capped the peak electric field for pulsed 
exposure at 100 kV/m. C95.1-2019 defines peak limits and pulse-fluence limits for 
pulsed RF exposure [58,59], but I could not verify whether the 100 kV/m cap was 
retained. The FCC has not adopted these peak limits [10]; OET 65 notes that "the FCC 
did not explicitly adopt limits for peak power density" [42, p. 10]. 

No framework I could verify limits pulse width, PRF, modulation, or cumulative pulse count on 
the basis of thermoelastic pressure or resonant coupling.

[Q7, Q8] Measurement. Under current compliance practice, exposure is judged against time-
averaged limits. For pulsed sources, OET 65 asks surveyors to determine "the pulse width and 
repetition rate" [42, p. 49], but no limit applies to either [10], and it cautions that "many 
commercially-available survey instruments cannot measure high peak-power pulsed fields 
accurately" [42, p. 47]. An exposure can therefore be judged compliant without its pulse 
structure being evaluated against any limit. Because it is not yet known which features of pulse 
structure are responsible for the postulated injury, assessment should capture them rather than 
average them away: sub-microsecond to microsecond-resolved instruments that report peak 
power density, pulse width, PRF, duty cycle, per-pulse energy, and modulation along with 
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averages.

Section 6. From AHI1 Findings to Exposure Pathways [Q6, Q12, Q16]

[Q6, Q12, Q16] This section maps each AHI1 phenotype feature (Section 2, same letters) to the 
pathways the IC Experts Panel considered (Section 5). Each link is labeled established or 
inference. Plausibility is graded as moderate (the mechanism has been shown in models or 
animals and is consistent with the finding, but has not been tested in people) or low (a candidate 
route with limited or indirect support). None establishes a cause, and none depends on any 
particular source.

Spatial distribution of mechanical stress. Dagro et al. found that short pulses produce stress 
waves that "converge near the deep regions of the brain," with large negative pressures in "the 
periventricular, diencephalon, and midbrain regions (encompassing the inferior colliculus and 
other areas important to eye movement and hearing response)" [9]. Baker et al. predicted the 
greatest effects for short pulses at the center of the intracranial region, and pressure build-up 
under continuous pulsing close to the location of the incident stimulus [50]. These locations are 
consistent with the deep and midline white-matter findings in the imaging cohorts, including 
higher fractional anisotropy in the splenium of the corpus callosum at an uncorrected threshold 
[18] and reduced fibre density in the fornix and splenium [22], and with the Panel's reasoning 
that one-sided ear symptoms point to the inner ear and brainstem pathways [1, FOIA p. 017]. 
Neither model includes the inner ear or otolith organs, the site of the defining vestibular findings 
[20]; otolith mechanics have been studied outside these RF models (see (d)). While both 
simulations are at very high peak power, Dagro et al. calculated that such a pulse can still fall far 
below the time-averaged energy limit (Section 5). Both speak to the mechanism, not to evidence 
of injury in people. Pathway: thermoacoustic. Status: inference. Plausibility: moderate, because 
two models place peak stress in deep or central regions, in close anatomical proximity to the 
deep and midline imaging findings, although neither model resolves the structures involved; 
limited by high-peak-power simulations and the models' omission of the inner ear.

(a) Symptoms occurring simultaneously and the audible marker.

 Simultaneous onset. The core characteristics are defined by audio-vestibular phenomena 
and "other nearly simultaneous signs and symptoms" beginning together (Section 2(a)) 
[1, FOIA p. 007]. The Panel found that "A disturbance of the auditory or vestibular 
components of the ear could explain the core characteristics and could be triggered by 
some of the potential causal mechanisms examined" [1, FOIA p. 017]. In my view, their 
occurrence together is better explained by one exposure acting through one mechanism, a 
pulsed pressure wave reaching the inner ear and brain at the same moment, than by 
separate causes. Pathway: thermoacoustic. Status: inference. Plausibility: moderate, 
because the Panel postulated that an ear disturbance from the examined mechanisms 
could explain the core characteristics; a single exposure producing them together has not 
been tested. 
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 The audible marker. The audible marker occurs in some cases but not all; the Panel 
noted that the microwave-auditory effect "could appear as a side effect of any of the other 
four pathways, resulting in the perception of sounds in some individuals" [1, FOIA p. 
037]. The auditory mechanism is established: the pressure wave "travels by bone 
conduction to the inner ear" [43, p. 621]. Because in AHI1 cases the perceived sound, 
where present, was accompanied by other symptoms, and because the auditory and 
higher-power effects arise from the same thermoelastic mechanism, in my view this is 
more consistent with higher- than with low-power thermoacoustic exposure. Pathway: 
thermoacoustic, auditory end. Status: the mechanism is established; its use as a marker 
of higher-power exposure is inference. Plausibility: moderate, because the auditory 
mechanism is established in people; its use as a marker of higher-power exposure has not 
been tested. 

(b) Buffeting and vibrational pressure. The onset sensation of pressure or vibration reported in 
the original Havana cases (Section 2) [6,17] is the effect the Panel attributed to the microwave-
auditory pathway, which "Can create a sense of vibrational pressure or buffeting" [1, FOIA p. 
035]. Frey reported: "With somewhat different transmitter parameters, we can induce the 
perception of severe buffeting of the head" [60]; which parameters produce it is not established. 
As a further candidate, in my inference, resonant disruption may contribute: the Panel placed the 
body's natural rhythms "typically at low frequencies, below 100 Hz" [1, FOIA p. 039]. 
Pathways: thermoacoustic (auditory end), per the Panel's table; resonant disruption as a 
candidate. Status: the Panel's attribution is a judgment, not a measurement; the resonant link is 
my inference. Plausibility: moderate for the thermoacoustic attribution, which rests on the 
Panel's judgment and Frey's qualitative report; low for resonant disruption, owing to the lack of 
data on RF-driven tissue resonance. No clinical study has measured the pulse parameters 
accompanying buffeting.

(c) Early blood biomarkers (GFAP, NfL, UCHL1). The Panel reported "early, transient 
elevations in biomarkers suggestive of cellular injury to the nervous system" in the few 
individuals tested in time [1, FOIA p. 008]. Their diagnostic value, it explained, pertains to 
exposures "sufficient to cause leakage of these proteins from brain cells or injury to the blood-
brain barrier"; if "only the ear or peripheral nerves were stimulated, current scientific knowledge 
would not predict that the biomarkers would be elevated" [1, FOIA p. 016]. Two pathways offer 
a physical route to such leakage: strong fields, which "Can fracture membranes and capillaries" 
and damage "the blood-brain barrier" [1, FOIA p. 035], and which in vitro alter or porate cell 
membranes [52,53]; and thermoacoustic stress in the injurious range. In my reading, the auditory 
end and resonant disruption do not. One animal study gives the strong-fields route mechanism 
support: in rats, a single exposure to 20,000 ultra-wideband pulses (0.9 ns, 10 Hz, peak field 400 
kV/m; average SAR reported as 7.01×10 ³ W/kg) transiently opened the blood-brain barrier and ⁻
raised serum S100β at six hours [57]. That SAR is below the 0.08 W/kg public whole-body limit 
[10]. Microsecond pulses at 2.45 GHz (10 µs, 100 pps, 10 mW/cm² average, SAR about 2 W/kg) 
increased tracer uptake by cortical capillary endothelium [61]; this exceeds the public limits, so I 
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cite it only as mechanism support for barrier opening. Earlier low-level pulsed barrier findings 
were not reproduced [62], and ICNIRP, reviewing reports of albumin leakage in rats, finds that 
"there remains no evidence of an effect" [11, p. 519]. Human data are thin. No published AHI 
study I found reports UCHL1, which the Panel noted "was not included in assays performed to 
date"; the Panel also wrote that "There is no published work on the plausible causal 
mechanisms… and the type of brain injury that would result from such exposure" [1, FOIA p. 
114]. Pathways: strong fields; injurious-range thermoacoustic as a candidate. Status: 
mechanism support in animals, including one study within the whole-body average limit; I found 
no RF study that has measured GFAP, NfL, or UCHL1 in blood. Plausibility: moderate, because 
one pulsed animal study within the whole-body average limit reports blood-brain barrier 
opening and a blood biomarker rise (S100β) [57]; limited by the absence of RF studies 
measuring GFAP, NfL, or UCHL1 and by earlier low-level barrier findings that did not 
replicate.

(d) Otolithic injury. The defining AHI1 finding is otolithic: "100% of individuals had an 
otolithic abnormality" in the acute Miami series [20]. Pulsed microwaves do drive inner-ear hair 
cells mechanically: in guinea pigs exposed to 918-MHz pulsed microwaves, Chou et al. recorded 
"a mechanical disturbance of the hair cells of the cochlea" [63]; the exposure levels were not 
verified as within FCC limits, and the study is cited only as mechanism support. The utricle and 
saccule share the cochlea's fluid-filled labyrinth and bone, and utricular afferents are "exquisitely 
sensitive to auditory-frequency air conducted sound (ACS) and bone conducted vibration 
(BCV)" [44]. Pathway: thermoacoustic. Status: cochlear hair-cell motion is established in 
animals; extending it to the otolith organs, and to injury, is inference. Plausibility: moderate, 
because pulsed microwaves move cochlear hair cells in animals and the otolith organs respond 
to bone-conducted vibration [44]; the grade rests on that documented otolith response, since no 
RF model or study includes the otolith organs. No RF model includes the labyrinth (Section 7).

(e) Oculomotor findings. As set out under Spatial distribution of mechanical stress above, the 
models concentrate stress in deep and central regions [9,50]; the clinical findings are set out in 
Section 2(e). One link is named by the source: Dagro et al. describe the midbrain region where 
they predict large negative pressures as containing "other areas important to eye movement" [9, 
p. 11]. A second is adjacent, by my anatomical reading: in Verma et al.'s 40 patients, worse near 
point of convergence correlated with greater volume of the ventral diencephalon [18, pp. 344–
345], overlapping Dagro et al.'s diencephalic stress focus [9, p. 11]. Dagro et al. tie this deep 
focusing to pulse duration: a 5-µs pulse, shorter than the intrinsic time of "approximately τc = 59 
µs," made stress waves "converge near the deep regions of the brain to create high tensile 
stresses" [9, pp. 6–7]; the foci come from a single 1-GHz, 5-µs pulse at 1 × 10⁶ mW/cm² [9, pp. 
7, 11]. The oculomotor findings thus map onto the midbrain and diencephalic regions where 
short-pulse stress is modeled to concentrate. Pathway: thermoacoustic. Status: the midbrain link 
to eye movement is named by Dagro et al.; the ventral-diencephalon link is adjacent, by my 
anatomical reading; no RF study has measured eye movements or pupil responses. Plausibility: 
low, because the only source-named link is a modeled stress focus for a postulated single 5-µs 
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pulse at 1 × 10⁶ mW/cm², the imaging correlation is exploratory, and the model does not resolve 
oculomotor structures [9, p. 15].

(f) Brain imaging and network-level disruptions. As set out under Spatial distribution of 
mechanical stress above, Dagro et al. place large negative pressures in "midbrain regions 
(encompassing the inferior colliculus…)" and in periventricular and diencephalic regions [9, pp. 
7, 11]. In Verma et al.'s cohort, diffusivity was lower in the inferior colliculi, identical by name 
with Dagro et al.'s, and fractional anisotropy higher in the splenium of the corpus callosum, both 
uncorrected [18, pp. 342–343]. In Canadian diplomats and family members with symptoms 
similar to those of U.S. personnel, fixel-based fibre density was lower in the fornix and splenium 
[22, pp. 1, 2, 5]. In AHI1, return-to-axis probability in the splenium was about 2% lower, not 
significant (my analysis) [24, p. 9]. By my anatomical reading, the splenium and fornix are 
adjacent to the modeled foci: both border the lateral ventricles, around which Dagro et al. place 
"periventricular" stress [9, pp. 7, 14]. Uncorrected cingulum and inferior cerebellar peduncle 
changes and salience-network hypoconnectivity (adjusted p = 0.020 and 0.030) (my analysis) 
[24, pp. 8–10] match no model region. Modeling and imaging in separate cohorts thus converge, 
identically at the inferior colliculus and adjacently at the splenium and fornix, on the deep 
midline structures where short-pulse thermoacoustic stress is modeled to concentrate. Pathways: 
thermoacoustic, with strong fields ("damaging myelin sheaths" [1, FOIA p. 035]) as a white-
matter candidate. Status: identical by name at the inferior colliculus; adjacent, by my 
anatomical reading, at the splenium and fornix. Plausibility: moderate for white matter, given 
this convergence; limited by uncorrected or non-significant findings, directions of change that 
differ across studies, structures no model resolves [9, p. 15], and very high peak power; low for 
network-level findings, since salience hypoconnectivity maps onto no model region.

(g) Cognitive deficits. The clinical findings are set out in Section 2(g); here I trace the pathway. 
In rats, 80-ns pulses at 3,000 MHz, with peak power in excess of 700 MW and "a maximal, 
whole-body-averaged, specific-absorption rate of 0.072 W/kg," were "affecting cognitive 
function in the rats, particularly the decision-making process" [55, pp. 459, 465]. That SAR is 
below the 0.08 W/kg public limit; the comparison is mine, and power-density compliance was 
not assessed (Section 5). The authors speculated that the "thermoelastic pressure wave in brain 
tissue" might produce effects that "resemble those following a traumatic head injury," but 
measured no brain pressure [55, p. 476]. Dagro et al. cite this unreplicated study [9, p. 2] and 
frame their model as "a testable hypothesis between potential neurocognitive effects and the 
thermoelastic mechanism" [9, p. 13]; the Panel likewise lists "Pressure wave and possible 
traumatic brain injury" for thermoacoustic exposure [1, FOIA p. 035]. In Canadian diplomats 
and family members, fibre density was lower along the fornix, a tract with "an important role in 
memory and cognition" [22, pp. 6, 10]. The fornix and the splenium of the corpus callosum 
border the lateral ventricles, adjacent to Dagro et al.'s periventricular foci [9, p. 11] (see (f)). In 
AHI1, salience hubs "which filter salient sensory stimuli and mediate transitions between 
cognitive states" were hypoconnected (my analysis) [24, p. 9]. Animal behavior, modeling, and 
imaging thus map onto one postulated route: short high-peak pulses, thermoelastic stress around 
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the ventricles, and injury to the adjacent memory and attention pathways. Pathway: 
thermoacoustic; strong fields, through the blood-brain barrier (c), as a candidate. Status: one 
pulsed rat study within the whole-body average SAR limit reports a cognitive effect [55]; the 
fornix and splenium adjacency is my anatomical reading; the salience link is my inference. 
Plausibility: moderate; limited by one unreplicated study, very high peak power, a fornix change 
that tracked headaches and tinnitus rather than memory [22, p. 10], and no executive-control 
network difference in Verma et al.'s cohort [18, p. 345].

Taken together, items (a)–(g) show that each core feature of the AHI1 phenotype can be matched 
to a postulated pathway of pulsed RF exposure, and that for some of them the reported effects 
occur at exposures within current public limits [10]. This is the reasoning of differential 
diagnosis: asking which single cause could produce these signs together. The IC Experts Panel 
reached a similar conclusion, finding that electromagnetic energy, "particularly pulsed signals in 
the radiofrequency range, plausibly explains the core characteristics" [1, FOIA p. 008].

Section 7. Research Gaps: Repeated Sub-Threshold Pulses and the Inner Ear 
[Q5(o), Q16, Q17(b), Q17(c)]

I ask NIH and CDC to address the research gaps identified in Sections 5 and 6:

1. Repeated sub-threshold pulses (Section 5). I identified no peer-reviewed microwave 
study designed to test whether trains of pulses, each below a single-pulse injury 
threshold, cause cumulative mechanical injury in brain or vestibular/otolith tissue. 
Published evidence on nanosecond and microsecond pulses within current time-averaged 
limits is thin, and few studies report the peak field, pulse energy, and SAR needed to 
compare them with those limits. Analogous rodent studies of repeated sub-concussive 
impact show cumulative brain effects; none examined vestibular tissue [64–66]. Dagro et 
al. wrote that cyclic loading "could potentially induce different injury thresholds that are 
unknown at this time" [9]. Which features of pulse structure are responsible for the 
postulated injury is not known (Section 5, Measurement). The Panel wrote: "Little 
research in the West has systematically explored configurations of electromagnetic 
energy that could cause nonthermal clinical effects" [1, FOIA p. 031]. 

2. Gaps in the Section 6 connections.
 (Opening of Section 6) Neither head model includes the inner ear or otolith organs 

[9,50]. 
 (a) Whether a single pulsed exposure can produce simultaneous auditory and 

vestibular effects, and whether the sound, where present, marks higher-power 
exposure, is untested. 

 (b) Which pulse parameters produce buffeting is not established [60], and no 
clinical study has measured them; the resonant link is my inference, resting on 
coupling that the Panel said "requires further study for biological processes" [1, 
FOIA p. 040]. 

 (c) I found no RF study that has measured GFAP, NfL, or UCHL1 in blood, and 
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no published AHI study I found reports UCHL1 [1, FOIA p. 114]. 
 (d) No RF model includes the labyrinth, so extending cochlear hair-cell motion 

[63] to the otolith organs, and to injury, remains inference. 
 (e) No RF study, in animals or people, has measured eye movements or pupil 

responses after pulsed exposure; the link between the modeled midbrain stress 
foci [9] and oculomotor deficits is untested, and whether the vergence and pupil 
pattern reported in acute Havana cases [21] replicates is unknown. 

 (f) The imaging studies converge on the splenium of the corpus callosum 
[18,22,24], and the closest model match is the midbrain region encompassing the 
inferior colliculus [9,18]; neither head model resolves the corpus callosum or 
individual brainstem nuclei [9,50], so whether the modeled deep and central stress 
foci correspond to these structures is untested. Because the direction of change at 
the splenium differs across the imaging studies and the models predict where 
stress concentrates, not how tissue responds [9], a test would need a head model 
that resolves these structures under multiple-pulse loading, which both groups left 
for later work [9,50], together with tissue-response data. No study has tested a link 
between the modeled foci and salience-network hypoconnectivity in AHI1 [24]. 

 (g) Evidence that pulsed exposure within the whole-body average limit affects 
cognition rests on a single rat study [55], of which I found no replication, and no 
study has tested which pathway produces it. 

For NIH.

3. Priority work: dosimetry that reports peak power density, pulse width, PRF, and SA per 
pulse, at the person and at the tissue (item 1; 6(b); see also Recommended HHS Action 
6); head models that add the petrous bone, cochlea, and otolith organs to report pressure 
and hair-bundle strain at the maculae by pulse width and angle of incidence (opening of 
Section 6; 6(d)); and in-vitro and animal studies of single and repeated sub-threshold 
pulses in brain tissue, axons, and vestibular end organs, varying pulse count, PRF, and 
peak power, with vestibular physiology, otolith histology, and blood GFAP, NfL, and 
UCHL1 (item 1; 6(a), 6(c), 6(d)). This work must begin in vitro and in animals: 
deliberate pulsed exposure of human subjects would risk injury and would not be 
approved by an institutional review board. 

4. An exploratory observational clinical study of civilians diagnosed with the Havana 
Syndrome AHI1 phenotype, using the same vestibular/otolith testing, oculomotor and 
cognitive testing, advanced neuroimaging, MEG, and timely biomarker battery (6(c)–(g)). 
This would study people already diagnosed, not deliberate exposure. 

For CDC.

5. Standardized vestibular/otolith testing, including cervical and ocular vestibular evoked 
myogenic potentials (cVEMP, oVEMP) [67], audiometry, oculomotor testing that 
includes quantitative video-oculography of binocular disparity vergence and pupillary 
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light responses, to test whether the pattern reported in acute Havana cases [21] replicates, 
and brain injury biomarkers in cohorts reporting symptoms after suspected pulsed 
exposure, each using one stated case definition, with no pooling across definitions. 

Section 8. Surveillance, AHI1, and Civilians [Q4(l), Q4(m), Q10, Q11(g), Q17(c)]

[Q11(g)] Civilians who report symptoms similar to those described in AHI cases may be one of 
the "other populations" that Q11(g) describes. If pulsed RF is involved in any of these cases, the 
relevant exposure would differ from ordinary everyday and occupational exposure in the pulse 
parameters described in Section 5. If members of the public have had such an exposure, it has 
not been measured, and its parameters are unknown.

[Q10] Existing data sources serve only U.S. government personnel who report AHIs and, in 
some programs, their families, and exclude civilians:

 The Defense Health Agency's April 2025 AHI clinical recommendation for Military 
Health System primary care managers provides a standard evaluation, referral to the 
National Intrepid Center of Excellence (NICoE), and a voluntary AHI Patient Registry 
[30]. 

 From 2018 to 2021, the NIH Clinical Center enrolled U.S. government employees and 
their adult family members in an intramural AHI study; enrollment required referral from 
a U.S. government entity [2,3]. 

 Federal law requires DoD to provide treatment in military treatment facilities to current 
and former U.S. government employees and their family members diagnosed with AHI-
related conditions; the NICoE at Walter Reed coordinates this care [13,30]. 

 The HAVANA Act of 2021 authorizes the CIA and the State Department (or another 
agency head) to pay covered employees, individuals, and dependents for qualifying brain 
injuries, subject to appropriations [16]. 

 Federal employees may file workers' compensation claims for AHIs under FECA [15]. 

The exploratory NIH studies, which tested participants a median of 76 days (clinical and 
biomarker testing [2]) and 80 days (imaging [3]) after their most recent incident, found no 
significant differences from matched controls on most clinical, biomarker, and imaging 
measures, apart from imbalance and self-reported symptoms [2,3]. My peer-reviewed re-analysis 
of the 2024 NIH neuroimaging study [24] separated the AHI1 cases (the core-characteristics 
subset with otolithic findings; Section 2) from the pooled AHI group and compared the 43 AHI1 
participants with the 48 matched controls. Resting-state functional MRI showed significantly 
reduced connectivity in the salience network, centered on the insula and anterior cingulate 
(adjusted p ≈ 0.02–0.03). Diffusion measures did not differ after correction, but nominal changes 
(uncorrected p < 0.05) appeared in midline white-matter tracts: about 2–3% lower return-to-axis 
probability in the body and genu of the corpus callosum, and slightly reduced diffusivity in the 
right cingulum and inferior cerebellar peduncle. My re-analysis reports that these changes 
parallel the findings of Verma et al. (2019) [24; 18], though the matched structures and measures 
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differ. Pooling all participants under one label can dilute these signals; analyzed separately, the 
AHI1 phenotype is consistent with a diffuse brain injury syndrome that more sensitive methods, 
such as advanced neuroimaging, MEG (reported in a preprint [23]), and quantitative EEG, may 
be needed to detect.

The NIH study I re-analyzed was halted in August 2024 after an NIH internal review found that 
informed-consent requirements "were not met due to coercion, although not on the part of NIH 
researchers"; NIH stated that the findings "do not impact the conclusions of the study" [68].

On 11 June 2026, the Office of the Director of National Intelligence notified Congress that the 
Director of National Intelligence had directed the National Intelligence Council to rescind two 
Intelligence Community Assessments on AHI, ICA 2023-02286 and ICA 2025-00008, for 
"failing to meet the established Intelligence Community (IC) Analytic Standards," including 
"Reliance on an ethically flawed medical study without noting methodological critiques" [33]. 
Although the notice does not name the study, the 2025 assessment based its medical judgment on 
"research published in 2024 from the National Institutes of Health (NIH)" [69]. The rescission 
did not cover the 2022 IC Experts Panel assessment on which this comment relies [1]. I believe 
the rescission in effect undercut the NIH studies' conclusion that there was no MRI-detectable 
evidence of brain injury, a conclusion on which those assessments relied. The NIH Director 
responded publicly that the assessments "mischaracterized the NIH study," that "[o]ur research 
was not complete at the time of this report" (true of the 2023 assessment, but not of the 2025 
assessment, which relied on the published 2024 studies [69]), and that the study was not 
"designed to determine whether a foreign adversary or external mechanism caused these health 
effects" [70]. That response did not address the published methodological criticism of the NIH 
studies. In a JAMA editorial accompanying them, Relman wrote that the investigators 
"aggregated cases, potentially diluting important 'signals' from what might be unrecognized 
discrete clusters of individuals"; that, for the blood biomarkers (plasma GFAP and NfL), "only 2 
participants with AHIs had baseline (pre-AHI) measurements and only 16 had post-AHI 
measurements within 3 days—and hence, their study lacked relevant statistical power" (the 16 
were participants with AHIs, 12 drawn within 24 hours and 4 within 72 hours; their AHI 1 and 
AHI 2 breakdown was not reported [2]); and that "current MRI technology may be insensitive to, 
or improperly timed for, the kinds of potentially transient cellular and local physiological 
disruption that characterizes AHIs" [71]. Civilians who report similar symptoms have no 
comparable data source; one should be developed (Recommended HHS Actions 2 and 3).

[Q4(l), Q4(m)] Outside the Military Health System, there is no standard evaluation protocol for 
these patients. In my experience, clinicians assess them differently, and the results are difficult to 
compare. Even the Defense Health Agency's April 2025 clinical recommendation [30] does not 
include otolithic tests, such as cVEMP and oVEMP, or brain injury blood biomarkers, such as 
GFAP, NfL, and UCHL1. It states that AHI "currently lack[s] evidence-based, objective 
diagnostic criteria" and that "the medical community relies on expert opinion from providers 
who care for most reported AHI cases" [30, p. 3]. The guidance essentially defers the diagnosis 
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to the experts, and the resulting "AHI" designation is an administrative label, not a diagnosis. 
This model is not appropriate for public medicine, where civilian clinicians need defined tests 
and criteria they can apply themselves.

[Q17(c)] The most detailed technical analysis, the IC Experts Panel assessment, was released 
only in part, through FOIA [1]. HHS, CDC, and NIH have issued no civilian case definition, 
reporting pathway, or clinician guidance that I am aware of.

Recommended HHS Actions

1. [Q4(l), Q10(a), Q11(g), Q17(b), Q17(c)] Formally recognize the Havana Syndrome 
AHI1 clinical phenotype (core characteristics plus objective otolithic, oculomotor, 
cognitive, and imaging findings, with early blood biomarkers where timely testing is 
available) as diagnosed by expert physicians, analyzed separately from AHI2 (Section 2). 
Treat AHI1 as a placeholder until a precise phenotype-based clinical name that does not 
presuppose a cause is adopted, unless the cause is resolved; the Department of War's July 
2026 renaming to Directed Energy Bio-Effects names a suspected mechanism, not the 
clinical condition (see Section 2) [32]. 

2. [Q10(a), Q10(f), Q17(c)] Establish or designate one civilian case definition, applied 
consistently and not pooled with other definitions, and a reporting pathway and registry 
so that physicians can report diagnosed civilian cases without requiring federal 
employment. 

3. [Q4(l), Q4(m), Q17(b), Q17(c)] Issue clinician guidance for evaluating these patients, 
including standardized vestibular/otolith (cVEMP/oVEMP) [67], audiological, 
oculomotor (clinical screening with referral for formal neuro-optometric evaluation [17], 
and quantitative video-oculography including binocular disparity vergence and pupillary 
light reflex tests [21]), and early brain-injury biomarker testing, and open NIH research 
protocols to civilians referred through clinical pathways that do not depend on federal 
employment. 

4. [Q17] Have CDC and NIH act on the September 2025 petitions [14,38] for civilian 
recognition, surveillance, and guidance, and designate HHS and CDC to lead the civilian 
public-health response in the open, alongside existing DoD work, not in place of it. 

5. [Q5(n), Q5(p), Q18] Update exposure standards for pulsed exposures:
 (a) Ensure RF exposure standards and assessment methods capture pulse 

parameters (peak power density, pulse width, PRF, energy per pulse, modulation) 
so that sub-thermal pulsed effects, including thermoacoustic, resonant, and strong-
field pathways, and cumulative effects can be studied and, if warranted, regulated 
(Sections 5 and 7). 

 (b) Require any HHS or FDA exposure assessment or classification system to 
report peak and pulse metrics (peak power density, pulse width, PRF, energy or 
specific absorption per pulse, and modulation) alongside time-averaged values, 
and advise the FCC on whether its limits need pulse-specific terms such as the 
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peak limits in IEEE C95.1-2019 [58,59]. 
 (c) Keep this work distinct from general RF-exposure concerns. The exposure 

limits are time-averaged (over 6 minutes for occupational and 30 minutes for 
general-population exposure), with no per-pulse limit [10]. This comment makes 
no claim about everyday RF exposure; its purpose is to ensure that a pulsed signal 
whose peak parameters could be harmful cannot be judged acceptable simply 
because its average is low. 

6. [Q7, Q8] Have FDA develop and validate sub-microsecond to microsecond-resolved 
measurement protocols that record pulse structure, not only averages (Section 5). 

7. [Q16, Q17(b)] Fund an NIH research program on single and repeated sub-threshold 
pulsed exposure in brain, axonal, and vestibular/otolith tissue, with pulse-resolved 
dosimetry and head models that include the inner ear, and an exploratory NIH clinical 
study of civilians diagnosed with the AHI1 phenotype (Section 7). 

8. [Q17, Q18] Establish interagency data sharing with DoD/DHA and ODNI, including 
declassification review of health-relevant technical findings. 

9. [Q17(c)] Appoint an HHS Havana Syndrome (AHI) coordinator. 

Respectfully submitted,

Len Ber, MD
Medical Director, Civilian Registry for Diagnosed Havana Syndrome Patients
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