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ABSTRACT

Objective: To explain how Hyperbaric Oxygen Ther-
apy Registry (HBOTR) data of the US Wound Registry 
(USWR) helped establish a fair analysis of the physician 
work of hyperbaric chamber supervision for reim-
bursement purposes. 

Methods: We queried HBOTR data from January 1, 
2013, to December 31, 2013, on patient comorbidi-
ties and medications as well as the number of hyper-
baric oxygen (HBO2) therapy treatments supervised per 
physician per day from all hyperbaric facilities parti-
cipating in the USWR that had been using the 
electronic medical record (EHR) for more than six 
months and had passed data completeness checks. 
Results: Among 11,240 patients at the 87 facilities in-

cluded, the mean number of comorbidities and medi-
cations was 10 and 12, respectively. The mean number 
of HBO2 treatments supervised per physician per 
day was 3.7 at monoplace facilities and 5.4 at multi-
place facilities. Following analysis, reimbursement of 
HBO2 chamber supervision was decreased to $112.06. 

Conclusions: Patients undergoing HBO2 therapy gen-
erally suffer from multiple, serious comorbidities and 
require multiple medications, which increase the risk 
of HBO2 and necessitate the presence of a properly 
trained hyperbaric physician. The lack of engagement 
by hyperbaric physicians in registry reporting may 
result in a lack of adequate data being available to 
counter future challenges to reimbursement.

_____________________________________________________________________________________________________________________________________________________________________

IntroductIon
The majority of hyperbaric oxygen (HBO2) therapy 
treatments in the United States (88.7%) occur in hos-
pital-based outpatient clinics [1]. A properly creden-
tialed advanced practitioner who provides “physician 
attendance and supervision of hyperbaric oxygen 
therapy,” may bill each treatment under Current Pro-
cedural Terminology (CPT®) code 99183 [2]. The 
Undersea and Hyperbaric Medical Society (UHMS) 
has detailed training recommendations for physicians 
who would supervise HBO2 therapy and has enumer-
ated the various activities that comprise this service [3]. 
The Medicare reimbursement rates for all physician 
servicesare established via a complex methodology util-
izing data provided by the American Medical Asso-

ciation (AMA)/Specialty Society Relative Value Scale 
Update Committee (RUC), which values the “relative 
work” and practice expense of CPT codes and makes 
recommendations regarding valuations to the Centers 
for Medicare and Medicaid Services (CMS) [4]. In 
1994, CMS (then Health Care Financing Administra-
tion) arbitrarily assigned HBO2 supervision a value of 
2.34 RVUs (relative value units) without going through 
the customary valuation by the RUC [5]. The AMA/
RUC Relativity Assessment Workgroup monitors 
utilization of physician services; in 2013, 99183 was 
flagged as “utilization over 250,000” [6,7], with 
558,912 claims filed for HBO2 supervision [5]. The 
RUC noted that they had never reviewed these fre-
quently reported services. Therefore, they recommended 
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a survey of physicians rendering HBO2 therapy to 
determine the “work” required to perform the super-
vision of a hyperbaric treatment and, in the non-facility 
setting, the direct practice expenses for the RUC 
meeting in early 2014.
 When the RUC’s usual physician survey method-
ology failed to provide the necessary information, 
RUC members requested that the specialty societies 
(American College of Emergency Physicians and 
UHMS) obtain the data needed to set a new reim-
bursement rate for CPT 99183. Failure to provide the 
RUC with the requested data would certainly have 
increased the likelihood of a significant downward 
adjustment in physician payment after RUC re-evalu-
ation. The RUC request for information was time-
sensitive; data were to be provided to them within the  
same day for the following questions: 
1)  What is the average number of comorbid medical 
 conditions among patients treated with HBO2? 
2)  What is the average number of medications taken?
3)  What is the average number of patients supervised 
 per day by a hyperbaric physician at a monoplace 
 chamber facility? and 
4) What is the average number of patients supervised 
 per day by a hyperbaric physician at a multiplace 
 chamber facility? 
 The purpose of this article is to explain how the 
Hyperbaric Oxygen Therapy Registry (HBOTR), 
jointly sponsored by the UHMS and the US Wound 
Registry (USWR) [8], was quickly able to provide 
national data on thousands of patients who underwent 
HBO2 in order to help establish a fair analysis of the
 physician work of hyperbaric chamber supervision.  

Methods
the hBotr and the usWr
The HBOTR data are a subset of the USWR [8], which 
has been submitting quality measure data to Medicare
 on behalf of physicians since 2008 and has been a 
Qualified Clinical Data Registry (QCDR) since 2014 
[9]. To achieve participation in a hyperbaric registry 
at a national level, we harnessed new electronic health 
record (EHR) requirements to automate registry data 
submission so that no secondary data entry was involved, 
no monetary incentive was necessary, and no funding 

was required. At the time of the RUC request, 129 
hospital-based outpatient hyperbaric facilities were 
participating in the USWR and were using a purpose-
built EHR. This EHR guides the physician through the 
possible choices of various relevant ICD-9-CM diag-
nosis codes (after October 2015, ICD-10 codes) so 
that the correct diagnosis code is ultimately selected. 
Clinical data entry utilizes standard vocabularies and 
“click and scroll” menu options, with very limited use 
of “free text.” Computers are present in every room; 
the nurse and physician perform point of care docu-
mentation, with the program running off a server at the 
EHR vendor’s computing cloud. The entire EHR on 
all patients is transmitted to the registry so that there is 
no patient selection bias. Facilities and physicians are 
motivated to perform complete documentation, because 
a unique feature of the EHR is that it internally audits 
the chart to derive both the physician and the facility 
billed level of service, thus ensuring accurate billing. 
Clinicians and facilities commit to registry participation 
for the purpose of benchmarking and federally man-
dated quality reporting on behalf of providers, so 
registry participation is not dependent on an indi-
vidual clinician’s or hospital’s commitment to clinical 
research.
 Data transmitted to the registry include all medica-
tions, all comorbid conditions, laboratory tests, orders, 
electronic prescriptions, all medical procedures (includ-
ing HBO2 treatments with their dates), and problem 
outcomes. We defined comorbid conditions to include 
all diagnoses that were not linked to the diagnosis for 
which HBO2 was provided. For example, if the patient 
was treated for a diabetic foot ulcer, then neither the 
diabetes nor the foot ulcer was considered “comorbid,” 
because those combined diagnoses represented the 
indication for HBO2 therapy. However, if the patient 
underwent HBO2 for the late effects of radiation therapy 
but also had diabetes, then diabetes was considered 
a comorbid condition
 Patient data are updated nightly. Computerized sys-
tems parse the structured data found in the files and 
store the data in one of the registry databases. Once the 
data are available in the database, data can be queried 
for benchmarking, quality reporting, or specialized 
data projects that support public policy such as the 
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RUC request. The rich data repository allows for 
many possible research projects to be performed, and 
new projects can be identified at any time. An inde-
pendent institutional review board (The Woodlands 
IRB) reviews data use proposals as they arise and 
ensures protection of health information. 

the AMA ruc process and request
Physician reimbursement is determined by the place 
of service: between-facility (usually inpatient and out-
patient hospital settings) and non-facility or office set-
tings. The physician work RVUs in any venue encom-
passes the time, technical skill and effort, mental effort, 
judgment, and the stress associated with providing the 
service. The valuation of physician payment follows a 
complex formula comprising the physician work RVU 
(2.34), the practice expense (0.86, which accounts for 
non-physician clinical and nonclinical costs), and the 
malpractice expense (0.25) multiplied by the conver-
sion factor and the geographic price index [10]. Since 
2005, practice expenses have been established to re-
flect the provision of services in the non-facility setting 
or office. At the time of the RUC request in early 
2014, the total RVUs for 99183 in a facility setting 
was 3.45 for an average national payment of $123.59.
 In 1994, CMS assigned the work of HBO2 super-
vision to be less than critical care but more than an in-
patient follow-up visit. In 2014, HBO2 supervision was 
compared to the supervision of a hemodialysis patient 
[7]. In both instances, a complicated patient (known 
to the specialty trained provider) is being supervised 
for several hours and requires intermittent bedside 
attendance and immediate availability in the event of 
an emergency.  
 In order to determine the most equitable “work,” the 
RUC needed input as to the “typical” patient undergo-
ing HBO2 therapy. The RUC uses varied methodologies 
to determine the technical skill, judgment, and stress 
that are components of the service in question. Valida-
tion through surveys and comparison to “like” servic-
es is typical, but for HBO2, the RUC determined that 
the survey data were not seen as reliable during their 
meeting on January 31, 2014, and February 1, 2014. A 
paucity of published data and a lack of familiarity with 
the procedure contributed to the perception that patient 

don’t understand 
this >

The physician  
work RVUs 
in any venue 
encompasses 
the time    ?

complexity was low. The RUC questioned the intensity 
of the services that were being provided by the hyper-
baric practitioner. Identifiable factors that contribute 
to complexity, such as the number of comorbid condi-
tions and the inherent number of medications taken by 
the patients, affect the possible complications that the 
provider would be required to address during a typical 
encounter and increase the work. Therefore, during 
the RUC meeting in early 2014 there was an imme-
diate need to validate the complexity of the typical 
patient treated with HBO2. 
 For the RUC request, we queried retrospective 
HBOTR data from all facilities participating in the 
USWR that offered hyperbaric services, had been using 
the EHR for longer than six months, and had passed 
data completeness checks required for entry into the 
registry from January 1, 2013, to December 31, 2013. 
For all patients treated with HBO2 at these facilities, we 
included data on the number of comorbid conditions 
and medications taken per patient and calculated the 
mean and range. We also included data on the daily 
number of HBO2 treatments supervised per physician 
(monoplace vs multiplace facility) and calculated the 
mean, range, and standard deviation (SD). We provided 
the results to the RUC on the same day of their 
request for discussion at their meeting.

results
Eighty-seven facilities fully met the inclusion criteria 
for this analysis. They were all hospital based out-
patient centers distributed across 28 states. 
 A total of 11,240 unique patients who underwent 
HBO2 therapy comprised the dataset from all facilities. 
The number of comorbid conditions recorded ranged 
from one to 44, with a mean of 10 comorbidities per 
patient. 
 In order to provide the RUC with a general under-
standing of the acuity level of patients undergoing 
HBO2 therapy, the author (Author 1) quickly evaluated 
the list of all ICD-9 codes and grouped similar diag-
noses according to her best judgment. We excluded 
conditions that might be mistaken as indications for 
hyperbaric treatment such as the presence of other 
cutaneous ulcers (e.g., venous leg ulcers). “Related to” 
factors (e.g., a fall which caused a wound or compli-
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cations of surgery), and minor skin issues (e.g., corns 
or callouses) were removed from the list. We then cre-
ated a list of the 14 most common comorbid conditions. 
Many patients had more than one comorbid condition. 
In order of frequency by the number and percent of 
patients affected, these conditions were: 
 •  peripheral edema or lymphedema (n = 5,755, 47%); 
 • peripheral arterial disease (n = 2,297, 18.8%);
 •  diabetes mellitus (n = 1,070, 8.7%);
 • hypertension (n = 741, 6%);
 • hyperlipidemia (n = 742, 6%); 
 • heart failure (n = 411, 3.4%); 
 • end stage renal disease (n = 383, 3.1%); 
 • pain (n = 351, 2.9%); 
 • coronary artery disease (n = 342, 2.8%); 
 • chronic obstructive pulmonary disease (n = 294, 2.4%);
 • morbid obesity (n = 288, 2.4%); 
 •  depression (n = 257, 2.1%); 
 • atrial fibrillation (n = 253, 2%); and 
 • anemia (n = 218, 1.8%).
We used a similar approach with regard to the num-
ber of medications taken by patients who underwent 
HBO2 therapy. The minimum number of medications 
was one; the maximum was 62. The mean number 
of medications recorded for patients who underwent 
HBO2 among all centers was 12.
 The RUC asked how many hyperbaric treatments 
per day on average were supervised by a physician at 
either a monoplace or a multiplace facility. There were 
at least eight multiplace facilities and 78 monoplace 
facilities included in this analysis. EHR data trans-
mitted to the HBOTR provided information on the 
number of physicians billing the procedure code 
“99183” at each facility. We analyzed the number of 
hyperbaric treatments that each physician billed in the 
time frame at each specified type of facility (e.g. mono- 
vs. multiplace) and used dates to determine the number 
of treatments billed per physician on any given day. For 
monoplace chambers, we deleted sites with fewer than 
10 treatments over the time frame queried to remove 
start-up centers. Among 78 monoplace facilities, the 
number of treatments supervised by physicians ranged 
from 1.3 to 12.0, with a mean of 3.7 treatments per day 
and a median of 2.9 (SD 2.2). Among multiplace 
facilities, the number of treatments supervised per day 

per physician ranged from 2.0 to 10.3, with a mean 
of 5.4 and a median of 4.8 (SD 2.4). The results 
of the above queries (Table 1) were completed in 
approximately three hours and were immediately 
provided to the RUC during their meeting.
 After much debate, the RUC determined the 99183 
RVUs to be 2.11 on February 1, 2014 [7]. This repre-
sents approximately a 9% decrease in the payment for 
hyperbaric chamber supervision, which was modified 
from $123.59 to $112.06 per HBO2 treatment, based 
on the formula described in the Methods section.

dIscussIon
There are multiple ways we could have grouped the 
ICD-9 diagnoses more descriptively. Significant “lump-
ing” of categories was performed, affecting the reli-
ability of the final 14 conditions, whose specific order 
does not matter. Our goal was to convey to the RUC in 
an honest way that patients undergoing HBO2 therapy 
generally suffer from many relatively serious comorbid 
medical conditions, which increase the risk of compli-
cations from HBO2 and necessitate the presence of a 
properly trained hyperbaric physician. With more time 
to thoughtfully consider the diagnosis groups, a more 
sophisticated approach to the classification of diagnoses 
could no doubt have been created. The same point 
should be made for the number of medications taken 

__________________________________________________________________________

Table 1. 
Answers to the American Medical Association/Specialty 
Society Relative Value Scale Update Committee (RUC) 

questions among 11,240 patients treated with 
hyperbaric oxygen (HBO2) therapy of the 

Hyperbaric Oxygen Therapy Registry.

 ITeM NO.
__________________________________________________________________________

 comorbid conditions, top 3 listed 
    edema 5,755
    peripheral arterial disease 2,297
    diabetes as a comorbid condition not related  1,070
  to a treated diabetic foot ulcer 
__________________________________________________________________________

 mean no. of medications per patient 12
__________________________________________________________________________

 mean no. of patients supervised per physician 
 per day, by type of HBO2 facility 
  monoplace 3.7
    multiplace 5.4
__________________________________________________________________________
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by patients undergoing HBO2. Exhaustive analysis of 
their medications would be enlightening, and it is un-
fortunate that there was neither time nor funding to 
perform it. We must emphasize that the analysis de-
scribed was performed over a three-hour time frame. 
Although the need for speed should not be used as an 
excuse for inaccuracy, in this case, a major point is that 
the transmission of structured data from EHRs cre-
ated a repository which is amenable to rapid analysis. 
 The field of hyperbaric medicine faces existential 
threats in the United States despite strong scientific 
rationale and compelling basic science data. Reasons 
include a perceived lack of sufficient high-quality 
evidence to satisfy some payors, a diminishing list of 
covered indications, increasing regulatory burdens for 
providers and hospitals, and reductions in reimburse-
ment rates [11-13]. CMS acknowledges that there is 
scientific benefit to analyzing real-world data (14), and 
many physician specialty organizations use registries 
to determine whether clinicians follow evidence based 
guidelines, to compare their patient outcomes with their 
peers, to understand the level of illness of their patients, 
and to monitor safety [15]. Although clinical registries 
cannot prove the efficacy of a treatment, they can help 
determine real-world effectiveness [16]. Third party 
payors and governmental entities may also use regis-
try data as part of reimbursement analyses as described 
herein. 
 HBOTR data are available to the UHMS to meet 
data needs that might arise. The HBOTR represents a 
paradigm shift from the registry model that has existed 
for decades. The traditional approach to registry cre-
ation is to identify the scientific questions of interest, 
determine the data fields necessary to answer those 
questions, and then design a data collection tool (paper 
or electronic) to capture the required data by second-
ary data entry [15]. This method necessitates the collec-
tion of data specifically for the purpose of the registry, 
usually at a time distant from patient care. Selection bias 
is a common problem, and the likelihood of success-
ful registry enrollment is often inversely proportional 
to the number of data fields required, unless there is a 
financial incentive for enrollment or a payor mandate 
for registry submission as a condition of reimbursement 
[15]. No CMS or regional Medicare Administrative 

Carrier policy mandates registry data submission as a 
condition of payment for HBO2 therapy, so no reim-
bursement incentive exists to drive either quality data 
collection or clinical research. Unfortunately, when 
information on comorbid conditions is not available 
to adequately risk stratify patients, doubts may be 
raised about the clinical effectiveness of HBO2 [16]. 
Thus, the importance of a detailed dataset derived 
directly from structured language within the EHR 
cannot be overstated.
 The passage of the HITECH (Health Information 
Technology for Economic and Clinical Health) Act 
in 2009 changed the possibilities for registry creation 
[17-19]. To make electronic data sharing possible, all 
certified EHRs must use the Health Level 7 Clinical 
Document Architecture [20]. At the time of analysis, 
the HBOTR contained data transmitted directly from 
the EHRs of all patients who were treated with HBO2 
at 129 facilities in the United States and were supervised 
by more than 400 practitioners. This data repository 
has been increasing as clinicians comply with the current 
requirement to submit data to a specialty registry as 
part of the “meaningful use” (MU) of an EHR. Under 
“Stage 2” of MU, which began in 2016, providers must 
transmit data directly from their EHR to a specialty 
registry by to avoid a 2% negative payment adjustment 
in their Medicare reimbursement [21]. The USWR, 
a 501(c)(3) non-profit organization, can now receive 
data from any certified EHR via the transmission of 
Continuity of Care Documents (CCDs). CCDs provide 
detailed, structured data on patients [19], without the 
need for any laborious secondary data entry, transmit-
ting all ICD-10 diagnosis codes, procedures, medica-
tions, laboratory results, and demographics as part 
of current interoperability requirements. As a result of 
the MU2 mandate of 2016 (22), over 2,000 clinicians 
now report data to the HBOTR, which contains 
information on approximately 25,539 patients. 
 It is vital that hyperbaric practitioners engage in 
registry submission if they are to survive the titanic 
shift in healthcare payment reform under MACRA 
(Medicare Access & Chip Reauthorization Act of 2015) 
[23,24]. Participation in a QCDR counts as a Clinical 
Practice Improvement Activity, which is 15% of the 
provider’s total score in MACRA’s Merit Based 
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Incentive Payment System (MIPS). Additionally, hy-
perbaric practitioners who report quality measures 
through the HBOTR can earn bonus ports for the Qual-
ity Reporting portion of MIPS (50% of the total score), 
particularly if they report safety, appropriate use, or 
outcome quality measures. While no such hyperbaric 
measures are available in the Physician Quality Report-
ing System, the UHMS developed hyperbaric safety, 
outcome, and appropriate use measures in partnership 
with the USWR, which can be reported through that 
QCDR and whose data become part of the HBOTR 
[8]. These hyperbaric quality measures include a vali-
dated risk stratification tool called the Wound Healing 
Index (WHI) [25,26] that incorporates both wound and 
patient comorbid condition variables in the model. The 
WHI allows the creation of matched cohorts for com-
parative effectiveness studies of HBO2 in the treatment 
of diabetic foot ulcers. In this way, the infrastructure 
created to satisfy mandatory quality and registry re-
porting requirements as part of healthcare reform can 
be harnessed to facilitate the acquisition of real-world
data for HBO2 comparative effectiveness studies.
 The rapid analysis of HBOTR data for the AMA 
RUC demonstrated that patients undergoing HBO2 

therapy generally suffer from multiple, serious co-
morbidities and require numerous medications. These 
factors increase the risk of HBO2 and necessitate the 
presence of a properly trained hyperbaric physician. 
There is no doubt that HBO2 supervision will come 
up for RUC review in the future. Data validating the 
ongoing complexity of care of the patient undergoing 
HBO2 therapy will need to be available in defense of 
the “work” that is inherent in 99183. 
 It is unclear whether the prospect of a decrease in 
Medicare Part B revenue under MIPS will be sufficient 
motivation for clinicians to participate in the UHMS- 
affiliated QCDR in the absence of any specific CMS 
mandate to contribute hyperbaric data. If not, lack of 
engagement in registry reporting by hyperbaric physi-
cians may result in a lack of adequate data to counter 
future reimbursement challenges or to carry out much- 
needed cost-effectiveness studies. Given that the reg-
istry submission process is automated, that all certified 
EHRs can perform it, that MIPS virtually requires it, 
and that failure of an EHR vendor to agree to do so 
is a form of “data blocking” with penalties attached, 
there are few excuses not to participate.

Author disclosures here
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