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As President of the PSA, it brings me great joy and excitement to announce  
that this past June the PSA was able to form a compromise with the Pennsylvania 
Association of Nurse Anesthetists (PANA). This compromise was passed through 
the Pennsylvania General Assembly and was signed by Governor Tom Wolf on 
June 30, 2021.  

The compromise that was negotiated by the PSA and PANA not only 
accomplishes the goals of both groups but also ensures that patient safety 
and quality anesthesia care are protected in the Commonwealth. Below is a 
chart which demonstrates the differences between the previous anesthesia 
regulations, the legislation as first introduced this session and the final 
compromise.

Shailesh D. Patel, MD, 
FASA, MHA
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“  PSA was able 
to form a 
compromise 
with the 
Pennsylvania 
Association   
of Nurse 
Anesthetists...” 

Currently

Licensure and Titling  
for Nurse  
Anesthetists

Oversight requirements 
for Nurse Anesthetists  
in Hospitals

Oversight requirements 
for Nurse Anesthetists 
in Ambulatory Surgery 
Centers

Nurse Anesthetist  
Prescriptive Authority

Oversight requirements 
for Nurse Anesthetists 
outside of hospital  
and ACSs 

None. Nurse  
Anesthetists are 
licensed only as  
Registered Nurses 
and have no legal 
status beyond that.

Nurse Anesthetists  
require the  
supervision of a  
physician or surgeon* 
by regulation.  
“Supervision” is not 
defined in statute  
or regulation.

* currently waived 
by executive order 
during the COVID 
pandemic

Nurse Anesthetists  
require the  
supervision of a  
physician or surgeon* 
by regulation.  
“Supervision” is not 
defined in statute  
or regulation.

* currently waived 
by executive order 
during the COVID 
pandemic

Nurse Anesthetists  
are authorized
to administer anesthsia 
in cooperation with a 
surgeon or dentist and 
under the overall direction 
of the chief or director 
of anesthsia services, or, 
if none, the surgeon or 
dentist responsible for the 
patient’s care. 
“Cooperation” is defined, 
but “overall direction” is 
not. Physical presence is 
not required.

Titled and licensed Nurse  
Anesthetists as “Certified  
Registered Nurse Anesthetist- 
Advanced Practice  
Registered Nurses”  
(CRNA-ARNP).

(HB 912) Nurse anesthetists 
would have required the  
supervision of a physician  
or surgeon.  
Supervision tightly defined.

(HB 912) Nurse anesthetists 
would have required the  
supervision of a physician  
or surgeon.  
Supervision tightly defined.

(HB 912) Nurse Anesthetists 
would have required the  
supervision of a physician  
or surgeon.  
Supervision tightly defined.

Titled and licensed Nurse  
Anesthetists as “Certified  
Registered Nurse Anesthetists—  
Advanced Practice Registered Nurses 
(CRNA-APRN). Does not extend ARNP 
status to Nurse Anesthetists.

Anesthesia care by a CRNA requires 
the overall direction of a physician, 
dentist, or podiatrist. “Overall 
direction” defined in statute (see 
below). The directing clinician must 
be present on site for the durtation 
of the anesthetic.

Anesthesia care by a CRNA requires 
the overall direction of a physician, 
dentist, or podiatrist. “Overall 
direction” defined in statute  
(see below). The directing clinician 
must be present on site for the 
durtation of the anesthetic.

Anesthesia care by a CRNA requires 
the overall direction of a physician, 
dentist, or podiatrist. “Overall 
direction” defined in statute  
(see right). The directing clinician 
must be present on site for the 
durtation of the anesthetic.

Definition of “overall  
direction” in the compromise  
bill (SB 416 PN 910):
 
“Overall direction” means  
oversight of anesthesia services 
and medical management of 
patient care by a qualified  
individual who is present and 
available onsite, but not necessarily 
present in the same procedure 
room as a certified registered 
nurse anesthetist performing  
anesthesia services for the  
duration of the services provided.

Bills as initially 
introduced

Compromise  
Legislation 

(SB 416 PN 910)

None None None
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Prior to the compromise, Pennsylvania lacked a legally recognized title for CRNAs and a uniform standard of physician 
oversight of anesthesia care provided by nurse anesthetists. Nurse anesthetists were previously required to be under 
the supervision of a physician in a hospital setting but could work in cooperation with a surgeon or dentist in a venue 
outside of a hospital or an ambulatory surgery center (ASC). In addition to this, Pennsylvania’s physician supervision 
requirement was only outlined in Department of Health regulations. As a result, the Department of Health held the 
power to change or abolish the requirement unilaterally.

The compromise legislation creates a legally recognized title for CRNAs and protects patient safety by creating a 
uniform standard of physician oversight of anesthesia care provided by nurse anesthetists. With this new standard, 
regardless of venue, a CRNA must be under the “overall direction” of a physician, dentist, or podiatrist. The 
compromise mandates that any future change will require a rewriting of the Commonwealth’s laws, not simply a 
modification of regulations. 

The PSA would like to extend our sincerest thanks to the members and staff of the House Professional  
Licensure Committee. The Committee’s unwavering commitment to compromise and good public policy  
ensured that the negotiations remained successful and beneficial to the patients of Pennsylvania. 

A compromise of this nature would not have been possible without the support of our members. The PSA would  
like to thank all our members who participated in advocating for this compromise, our patients, and profession. 
Without your advocacy and support, none of this would have been possible.  

Unfortunately, the job of being an advocate for our patients and profession is never ending. As many of you may  
know, the American Association of Nurse Anesthetists (AANA) has recently announced that they will be changing  
their name to the American Association of Nurse Anesthesiology (see letter from the ASA President). The PSA  
mirrors the concerns of the American Society of Anesthesiologists (ASA) and the American Medical Association  
(AMA) who believe that this name change will only serve to confuse patients. 

Pennsylvania’s current law is very specific about the title that nurse anesthetists are allowed to use: 

       (b.1) An individual who holds a license to practice professional nursing in this Commonwealth who  
meets the requirements under section 8.8 of this act to be a certified registered nurse anesthetists shall  
have the right to use the title “certified registered nurse anesthetist” and use the abbreviation “C.R.N.A.”  
No other person shall have that right. 

In order to protect our patients, the PSA is asking our members to please keep their eyes and ears open for  
any CRNA title manipulation. The PSA has created a webpage that allows our members to report any instances  
of title manipulation to the PSA board. 

Report CRNA Title Manipulation here: https://forms.gle/RwRXDYs7UGVzxoaZA

 https://www.psanes.org/covid-19.html

Visit Our COVID-19 Resource Page

https://forms.gle/RwRXDYs7UGVzxoaZA
https://www.psanes.org/covid-19.html
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 EDITORIAL 

With the coming of the fall and winter seasons, 
operating schedules usually start to pick up  
and staffing usually improves as summer  
vacations come to an end.

As previously reported to our members, Governor  
Wolf signed Act 60 into law which put physician  
supervision of CRNAs into statute and made the title 
CRNA legally recognized in Pennsylvania.

Putting the supervision requirement into statute has 
been a long-awaited goal of the PSA and is a tribute to 
all who participated over the years in accomplishing 
this goal. This is a big step forward in guaranteeing 
that patients in Pennsylvania will continue to have 
physicians involved in their care. It is also time that our 
CRNA colleagues are recognized for their training and 
that the title CRNA is put into statute.

Pennsylvania was one of only two states that did not 
have the CRNA title in statute and this bill changes that.  
Passing this bill required negotiations and compromise 
on both sides. Since both the PSA and PANA appear 
to be happy with this Act, it seems that it really was a 
negotiated settlement as neither side feels that they 
“lost”. PSA President Dr. Patel has more to say about 

Act 60 in his President’s report in this edition.
With the fall season, we see the return of the ASA  
annual meeting. This year the meeting was held in  
San Diego from October 5-8. As this issue of the  
Sentinel most likely won’t be in the mailboxes  
until after the meeting, it remains to be seen how  
the attendance is at this first in person meeting  
after the pandemic closure.

Articles of interest in this edition.

Mr. Artz, PSA Counsel, describes the PA Supreme 
Court decision that reverses the 2017 ruling that 
required physicians to personally obtain informed 
consent rather than delegating that responsibility. Act 
61, which became effective June 30, 2021, once again 
permits delegation of the duty to obtain consent. This 
change is important to anesthesiologists as physician 
associates or CRNAs can now obtain consent even 
though they are not directly involved in a patient’s care.

Two other legal decisions, one for HIPPA violation and 
one for an attempted false claims act violation brought 
by a whistleblower concerning informed consent, 
round out the legal update report.

Two excellent review articles are included in this  
edition. Dr. Answine provides a new perspective on  
intraoperative fluid management and Dr. Roth  
presents an in-depth review of allowable blood loss 
and calculation of actual blood loss.

Also included is an article about an interesting new 
program at UPMC, an integrated credential-awarding 
track for anesthesiologist-innovators. The department 
recognized the challenge of getting physicians engaged 
in healthcare innovation and the barriers that they 
faced, and designed the UPMC Anesthesiology  
Innovation Program/Track.

The usual reports from our District Director and  
Z-PAC and the resident update are also included.

As always, The Sentinel is the periodical of your  
Society. We welcome submissions for inclusion.   
Letters to the Editor, comments or suggestions can  
be sent to PSASentinelEditor@gmail.com.

Fall is here!

Richard O’Flynn, MD, FASA
Editor, The Sentinel

mailto:PSASentinelEditor%40gmail.com?subject=
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 LEGAL UPDATE 

Charles I. Artz, Esq.
PSA General Counsel
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Peer Review Protection Act Interpretation PA Supreme Court Extends Peer Review  
protection to Data Bank Documents and any Committee that undertakes Peer Review.

On August 17, 2021, the Pennsylvania Supreme Court 
issued an extremely favorable decision concerning the 
type of information that is protected from discovery 
in any malpractice litigation under the Peer Review 
Protection Act (“PRPA”) and the federal Health Care 
Quality Improvement Act (“HCQIA”). This should provide 
some additional protection and alleviate some of the 
significant concerns that arose from the Supreme 
Court’s potentially devastating decision in Reginelli 
v. Boggs, 6181 A.3d 293 (Pa. 2018).  In that case, the 
Supreme Court held that the evidentiary privilege 
under the PRPA applies to the documents of a “review 
committee” but not to the documents of all “review 
organizations”.  

In Leadbitter v. Keystone Anesthesia Consultants, 
___ A.3d ___ (Pa. 2021) (2021 WL 3628734), an 
anesthesiology group, orthopedic surgeon, medical 
practice and hospital were sued for malpractice 
and corporate negligence. The orthopedic surgeon 
performed spinal surgery. The plaintiff suffered a 
series of strokes resulting in numerous impairments, 
including permanent brain damage.  All parties were 
sued. The plaintiff sought the entire credentialing and 
privileging file for the orthopedic surgeon. The trial 
court and Superior Court allowed the plaintiff access 
to the internal peer review documents based on the 
Reginelli decision.  The Pennsylvania Supreme Court 
reversed, and held as follows:

1.  A committee qualifies as a “review committee”  

for purposes of the confidentiality/evidentiary 
privilege provisions under the PRPA if it undertakes 
“peer review”.  

2.  Any committee which performs a peer  
review function, although it may not be specifically  
entitled “peer review committee”, constitutes a 
“review committee” whose proceedings and records 
are protected. The name and the nature of the 
committee are irrelevant.  What matters is if the 
committee is engaged in “peer review”.

3.  “Peer review” means the procedure for evaluation 
by professional health care providers of 
quality and efficiency of services ordered 
or performed by other professional health 
care providers. It includes practice analysis 
and is operated by a professional health care 
provider with the standard set by an association of 
health care providers and with applicable laws, rules 
and regulations.  

4. This definition focuses on the activity it describes.  

5.  Because the documents at issue were not part of the 
record, the Supreme Court remanded the case to 
the trial court to determine whether the professional 
peer review and competency evaluation, as well as a 
summary report, involved information that met the 
definition of peer review materials. 

6.  Reports received and reviewed by the provider from 
the National Practitioner Data Bank are absolutely 
protected from disclosure.  

7.  A total of 6 Justices joined in the extensive majority 
opinion.  Justice Wecht filed a concurring opinion, 
suggesting the majority didn’t go far enough in 
limiting or overruling Reginelli.  

The Supreme Court’s favorable decision in Leadbitter 
suggests the Supreme Court may realize it went too 
far in Reginelli and undercut necessary peer review 
protections from discovery in civil litigation. Legal 
counsel assigned to any malpractice litigation should 
object to the discovery of any Peer Review Committee 
materials based on the favorable Leadbitter decision. 
Licensed physicians should prepare all peer review 
reports and analysis.  
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 LEGAL UPDATE 

Charles I. Artz, Esq.
PSA General Counsel

Informed Consent– Shinal V. Toms Reversed Decision 
Delegation of Informed Consent Granted

A new statute signed into law on June 30, 2021 (Act 61 
of 2021) reverses the Pennsylvania Supreme Court’s 
decision in Shinal v. Toms, 162 A.3d 429 (Pa. 2017), 
which held that the Medical Care Availability and 
Reduction of Error (“MCARE”) Act prohibited physicians 
from delegating authority to obtain a patient’s informed 
consent to a physician assistant, certified registered 
nurse practitioner or any other staff person. 

Act 61 amends Section 504 of the MCARE Act to permit 
a physician to delegate his or her duty to obtain a 
patient’s informed consent to a “qualified practitioner” 
prior to conducting any of the procedures or services 
for which informed consent is required. Informed 
consent is required prior to any of the following:

•  Performing surgery, including the related  
administration of anesthesia

•  Administering radiation or chemotherapy
•  Administering a blood transfusion
•  Inserting a surgical device or appliance  
•  Administering an experimental medication, using an 

experimental device or using an approved medication 
or device in an experimental manner

Act 61 defines “qualified practitioner” as a physician  
assistant, certified registered nurse practitioner, 
midwife or nurse-midwife, a certified registered nurse 
anesthetist, another physician, or a physician in a  

medical residency or fellowship training program.  
A qualified practitioner must have knowledge of the  
patient’s condition and the procedure and must be 
acting under the supervision of, at the direction of,  
or in collaboration or cooperation with the physician  
performing the procedure. 

A physician may, but is not required to, delegate the 
task of obtaining informed consent for a procedure 
to a qualified practitioner. A physician or qualified 
practitioner performing a procedure may rely on 
information provided by another qualified practitioner 
to obtain informed consent, and the information shall 
be competent evidence in a proceeding in which it is  
alleged a physician or qualified practitioner performing 
a procedure failed to obtain informed consent. 

Under Act 61, a physician is not required to delegate 
authority to obtain informed consent to a qualified 
practitioner.  Further, a patient (or the patient’s 
authorized representative) may request the physician, 
rather than the delegated qualified practitioner, to 
obtain informed consent or answer any questions 
concerning the procedure, risks or alternatives to the 
procedure.   

If the patient or the patient’s authorized representative 
requests that the physician obtain informed consent  
or answer questions about informed consent, the  
physician must do it and cannot delegate it.

Liability for failure to obtain informed consent is 
expanded to include circumstances in which the 
qualified practitioner knowingly misrepresents to 
the patient the professional credentials, training or 
experience of the physician or qualified practitioner 
who performs the procedure. 

Act 61 creates an exception for human research.   
Informed consent is satisfied if obtained for human  
research pursuant to approval by an Institutional  
Review Board or similar entity in accordance with  
federal laws and regulations relating to protection  
of human subjects. 

continued on page 7
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Informed Consent– Shinal V. Toms Reversed Decision 
Delegation of Informed Consent Granted

continued from page 6

A physician or qualified practitioner performing a  
procedure shall not be required to obtain a separate  
or new informed consent provided it was already  
obtained with respect to the procedure. 

Act 61 took effect immediately on June 30, 2021.  

WRONGFULLY OBTAINING INDIVIDUALLY 
IDENTIFIABLE HEALTH INFORMATION
FOR PERSONAL GAIN – HIPAA CRIMINAL 
CONVICTION
In U.S. v. Bacor, No. 20-cr-77 (N.D. Iowa 2021), the 
defendant Jennifer Bacor was indicted under the HIPAA 
criminal provisions for wrongfully obtaining individually 
identifiable health information for personal gain 
pursuant to 42 U.S.C. §1320d-6(a)(2), (a)(3), and (b)(3).  
Bacor pleaded guilty and was sentenced  
on June 14, 2021.  

The criminal guilty plea agreement confirmed that 
Bacor admitted she was employed as a patient care 
technician at a hospital.  She was authorized to access 
individually identifiable health information, but only as 
necessary to provide services to patients she treated.  
In 2017, her ex-boyfriend was repeatedly treated at the 
same facility. On multiple occasions over a six-month 
time span, she used her login credentials to access 
her ex-boyfriend’s PHI even though he was not one 
of her patients. She also took a picture of a medical 
photograph that showed one of her ex-boyfriend’s 
injuries and sent it to a third person. The third person 
then sent the picture to the ex-boyfriend and others  
on Facebook Messenger along with taunting  
language and emails.  

Her “defenses” had nothing to do with the law.  The 
ex-boyfriend was her children’s father.  She alleged 
that she accessed his medical records out of concern 
for her children and not for any financial gain.  She 
ultimately took responsibility for the criminal HIPAA 
violation and acknowledged she accessed medical 
records without legal justification or authorization.  
She supposedly accessed the medical records out of 
concern for the health of her ex-boyfriend as it related 
to his ability to care for their two children when they 
were in his custody.  She tried to get information on 
his medical situation in order to determine if he could 
properly and safely care for their two children when 
they were in his custody, but he refused to divulge 

any information to her following the end of their 
relationship.  She alleged he attempted to degrade  
her during phone conversations and spoke negatively 
about her to the children. The picture disclosed on 
Facebook involved the patient’s leg wound. She took  
the position that she only had her children’s interests 
and safety at heart.  

As it relates to the technical elements of the law, those 
defenses are meaningless. As it relates to sentencing, it 
appears the federal judge took those into consideration.  
She was sentenced to five years’ probation, fined 
$1,000, and was not sent to prison. During her 
probationary term, she cannot be employed in any 
job in which she would have access to private medical 
information of other people. The judge imposed that 
restriction because he believed Bacor had “weaponized” 
her ex-boyfriend’s private medical information.  

There does not appear to have been any civil litigation 
initiated against the health care provider that employed 
the defendant. Nevertheless, this type of case is 
another good teaching tool for HIPAA Privacy and 
Security training to demonstrate the significant negative 
consequences resulting from improperly accessing 
another person’s PHI for anything unrelated to 
treatment, payment or health care operations,  
as well as publicizing it to third parties, particularly  
on social media.

The take home compliance point from a case like 
this is that there are no overarching or superseding 
justifications to improperly access or disclose PHI 
without a proper reason under the HIPAA Privacy  
and Security regulations.

DELEGATED INFORMED CONSENT - FALSE CLAIMS 
ACT CASE DISMISSED 
A recent federal court decision addressed whether a 
physician’s improper delegation of Informed Consent 
on Medicare and federal program patients violates the 
False Claims Act (“FCA”).  

In U.S. ex rel. Zaldonis v. UPMC, 2021 WL 1946661 
(W.D. Pa. 2021), the whistleblower sued UPMC and the 
University of Pittsburgh Physicians for submitting false 

continued on page 8
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continued from page 7

claims in violation of the FCA because UPMC surgeons 
improperly delegated the responsibility to obtain 
patients’ consent for surgical procedures to residents, 
fellows, nurse practitioners and physician assistants 
in violation of federal and state law as well as UPMC 
policy. The surgeons often signed a consent form 
falsely certifying that they had explained to the patient 
all of the information on the consent form, when, in 
fact, they had not.  

UPMC and UPP filed a motion to dismiss the FCA 
complaint, which the federal court granted; however, 
the federal court allowed the whistleblower to file an 
Amended Complaint to cure the legal problems,  
which means this case may not be completely over.  
The federal court’s legal holdings include the following:

1.  UPP certified compliance with applicable laws  
and regulations on the CMS 1500 form and in its 
Medicare enrollment documents.

2.  To assert a claim for implied false certification  
under the FCA, there must be a misrepresentation 
about compliance with a statutory, regulatory or  
contractual requirement that is material to the  
Government’s payment decision.

3.  Materiality means having a natural tendency to  
influence, or be capable of influencing, the payment 
or receipt of money or property.

4.  The Complaint failed to adequately plead materiality, 
i.e. that the federal government would have refused 
to pay for certain surgeries had it known that  
UPMC and UPP physicians were delegating the task 
of obtaining patient Informed Consent to other  
practitioners.

5.  The court stopped short of concluding that  
Informed Consent violations cannot be material for 
FCA purposes.

6.  Medicare Conditions of Participation grant patients 
the right to participate in the development and 
implementation of his or her plan of care. Under 
state law, the patient’s rights include being informed 
of treatment and being able to refuse or request 

treatment. A properly executed Informed Consent 
form for the operation must be in the patient’s chart 
before surgery, except in emergencies.

7.  The whistleblower’s chain of reasoning, involving 
Medicare Conditions of Participation, the CMS  
State Operations Manual and the Supreme Court’s 
decision in Shinal v. Toms, could establish a false 
claim; however, that is not enough to demonstrate 
materiality.

8.  Neither the conditions of participation, the CMS 
State Operations Manual nor the Pennsylvania  
Supreme Court’s decision in Shinal v. Toms would 
have any effect on the government’s decision to  
pay the surgical claims.

9.  The court cited U.S. ex rel. Wollman v. Massachusetts 
General Hospital, 394 F.Supp.3d 174 (D. Mass. 2019) 
for the proposition that a deficient Informed Consent 
can lead to a false claims case.  But in that case,  
the Informed Consent violation was not that the 
“wrong practitioner” obtained patient consent, but 
that the patients were not provided with important 
information about their surgery, which is sufficiently 
distinguishable.  

10.  The FCA does not penalize medical malpractice.   
It penalizes fraud.

11.  The case was dismissed because the whistleblower 
failed to prove that the delegation “scheme” would 
cause the government to deny payment.

This is good news because the UPMC case stands 
for the proposition that physicians cannot get sued 
under the False Claims Act for failure to obtain proper 
informed consent that was delegated to another 
practitioner.  The whistleblower was allowed to file an 
Amended Complaint to demonstrate improperly  
delegated Informed Consent would cause the  
government to deny payment.  

By Order dated June 28, 2021, the federal court  
dismissed the case in its entirety and entered Final 
Judgment in favor of UPMC.  Moreover, as outlined in 
the article above, Act 61 of 2021 allows physicians to 
delegate informed consent to a “qualified practitioner”. 
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This week the American Association of Nurse Anesthetists (AANA) continued its misleading and manipulative actions 
and changed its name to the American Association of Nurse Anesthesiology. But this organizational name change 
won’t stop us from aggressively challenging their attempts to threaten clear identification of roles and advance  
nurse-only care. Every patient deserves to know and understand the education, training, skills, and experience of  
the health care professionals providing their care.

AANA’s name-changing—and their blatant encouragement of their members to use the term “nurse 
anesthesiologist”—falsely suggests that nurses are medical doctors and leaders of the science of anesthesiology.  
This title misappropriation is a deceptive use of established medical terms, which is part of their continuing push  
for nurse-only practice, which can jeopardize our patients’ safety and well-being. Furthermore, it misleads the public 
and engages in the pretense that nurse anesthetists’ education and training are equivalent to that of physicians.

While we do not support AANA’s deceitful actions, I know many of us value our nurse anesthetist colleagues and the 
important work all of us do together every day. We also know nurse anesthetists value and recognize the importance 
of our physician-led, team-based model of care—a model ASA is dedicated to preserving and enhancing along with 
our shared commitment to patients.

Throughout the spring and summer, we have shared our efforts to fight medical title misappropriation at every  
level and in every arena. The AANA name change could trigger additional legislative and institutional actions  
that might support unacceptable medical title misappropriation. While we continue to recognize the value of our  
nurse anesthetist colleagues, we must continue to fight AANA leadership and their harmful initiatives.

We also ask you to join us by:

 • Reviewing ASA’s position statement on AANA’s name change

 • Accessing facts and background (PDF) information about AANA’s history of misrepresentations.

 • Accessing talking points and FAQs (PDF) for use in conversations with your nurse anesthetist colleagues.

 • Reading our most recent open letter to nurse anesthetists.

 • Sharing and engaging with ASA social media posts.

Together we can protect our patients and specialty. 

 Sincerely,

 Beverly K. Philip, MD, FACA, FASA

http://send.mail.asahq.org/link.cfm?r=YFDfXQ2_RV6AUW-wBt5MdA~~&pe=rKooO_CirzNsofA-hGfOzUqiC4RbHwfasWgd2wtM7UuRWvZEMOPpkIwAqa3TLfwLRpcU8h7K88MSqfcW6nqBPQ~~&t=INSERT_TRACKING_ENCID
http://send.mail.asahq.org/link.cfm?r=YFDfXQ2_RV6AUW-wBt5MdA~~&pe=eaFqhY7_U1MfPL6ghvaLsfATYUctzREk8DPcUKSQ3HoSFA4Nped7dCeREOgeoSuYM6UZW6mL6hHis0WEXHW-_Q~~&t=INSERT_TRACKING_ENCID
http://send.mail.asahq.org/link.cfm?r=YFDfXQ2_RV6AUW-wBt5MdA~~&pe=ARoKS63AM82apc5HuFwRQznkiog_CaU6iuhtP3g-h27c4HkpyxkEtUUgn8TWK71iBhX1MD9h-3qGvcpQ_XhbNg~~&t=INSERT_TRACKING_ENCID
http://send.mail.asahq.org/link.cfm?r=YFDfXQ2_RV6AUW-wBt5MdA~~&pe=o0WK_vHfvD8DrNclaq4_Iy4eaTFNaEyzEEKfXlZT-QmfC42gIB_hxy0NmmJs-f_8lay7dw6g0DA0UQMQeko5Iw~~&t=INSERT_TRACKING_ENCID
http://send.mail.asahq.org/link.cfm?r=YFDfXQ2_RV6AUW-wBt5MdA~~&pe=yaZHsZSqb-U3mPBnSKAzugCeJ1UagEYPI1mdifjfda6obZ29UNlZYXyvU_I4mnQJmEiveqlmbEn2tBWtO9uU1Q~~&t=INSERT_TRACKING_ENCID
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In the last issue of The Sentinel, Dr. Muetterties wrote 
in his Z-PAC update about the number of retired 
anesthesiologists who continue to support the PAC 
with their financial contributions. He remarked how he 
found it interesting that long retired anesthesiologists 
still felt compelled to contribute to the PAC.   
They obviously continued to see the need for  
political advocacy even though they no longer 
personally benefited.

Unfortunately, we find that this dedication is seldom 
seen in many practicing anesthesiologists and even less 
so in residents. In Pennsylvania, Z-PAC has a consistent 
20-23% participation of all our colleagues and  
ASAPAC has a more dismal 18-20% participation.  
If you are a loyal contributor, the Society thanks you  
for your support. If you are not, we ask, “why not?”

Among residents, the response to a recent blast email 
was underwhelming. The goal was to educate residents 
about the PAC and hopefully instill a lifelong process of 
political advocacy. The poor participation rate mirrors 
the voter turnout in the millennial generation. By way 
of example, the 18-34 age group had 49% participation 
in the 2016 election and 57% participation in the 
2020 election. The 36-64 age group had 65% and 69% 

respectively and the 65 and older age group had 71% 
and 74% respectively. Our hope is that as residents 
complete their training they will see the need for  
political advocacy as it more directly affects their  
practice and lifestyle. Without early indoctrination  
into the need for political advocacy, the opportunity 
for early engagement in political advocacy may be lost.  

While physicians are historically poor supporters 
of the political process, rest assured that there are 
other organizations that are aggressively pushing 
their agenda. This includes attorneys, the American 
Association of Nurse Anesthetists (Anesthesiologists), 
the Pennsylvania Association of Nurse Anesthetists and 
the Hospital Association of Pennsylvania to mention a 
few.  Even physician assistants are proposing a name 
change to physician associates. Though some may feel 
that it is below physicians to get involved in the political 
process, realize that elections have become very 
expensive endeavors and that the only way to assure 
that our voice is heard is to support candidates  
who see the need for physician involvement in 
anesthesia care.

This is your future. Make sure that you have some 
influence on how you will practice. 

You can contribute online at our website.
Personal checks can be sent to:

Z-PAC
P.O. Box 325

Media, PA   19063

Richard O’Flynn, MD, FASA
Editor, The Sentinel

The Retired Factor

10

   Z-PAC Update
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Verghese T. Cherian, MD,  
FFARCSI

Professor of Anesthesiology
Penn State Health College of Medicine

Hershey, PA 17033
mailto:vcherian@pennstatehealth.psu.edu

Introduction & Historical perspective
Thoracic surgery poses 3 main challenges 

a.  Thoracotomy collapses the lung and makes 
spontaneous breathing ineffective. 

b.  The ventilatory movements of the lung makes 
surgery difficult.

c.  The blood, pus and debris from the diseased lung 
may spill over to the healthy lung.

The first can be rectified by positive pressure 
ventilation, while the other two need isolation of the 
operative lung and ventilation of the non-operative 
lung. Although, a double lumen tube (DLT) seems to 
be the preferred technique for one lung ventilation 
(OLV), the first described lung isolation for resection of 
a diseased lung was achieved by passing the standard 
endotracheal tube (ETT) further into the bronchus of 
the healthy lung, by Gale, in 1931. In 1935, Archibald 
inserted a rubber catheter with an inflatable distal 
balloon into the bronchus of the lung to be operated, 
while ventilating the healthy lung through an ETT 
inserted alongside the blocker catheter. [1]

Perhaps the precursor to the DLT were the single lumen 

endobronchial tubes that had two cuffs: a tracheal and 
a bronchial. This was passed into the bronchus using 
a rigid bronchoscope. When only the tracheal cuff was 
inflated both the lungs could be ventilated, but when 
the bronchial one was inflated, only that lung was 
ventilated, thus isolating the other one. The Macintosh-
Leatherdale, Green-Gordon and Brompton-Pallister 
are examples of such double-cuffed endobronchial 
tubes. These tubes had a small tube incorporated 
within them that could be used for suction from or 
oxygenation to the operated lung. [1,2,3,4]

During the initial years of thoracic surgery, the patient 
was positioned such that the operative side was 
dependent to avoid soiling of the healthy lung, but this 
made the surgical approach difficult. A DLT has made 
surgical access easier. 

Indications for OLV
The indications for OLV have expanded beyond its 
traditional one for lung resection surgery. It is used 
to provide ease in access during surgery on the 
esophagus, the aorta, or the thoracic spine. It provides 
invaluable operating conditions during minimally 
invasive video-assisted thoracoscopy surgery (VATS). 

Figure 1: Pulmonary physiology with change in position

Physiology of one-lung ventilation
To understand the implication of one-lung ventilation, 
it is essential to know how the ventilation and the 
perfusion through the lung changes from an upright to 
a lateral decubitus position and then when a  
pneumothorax is created.

The ventilation (V), perfusion (Q), and V/Q ratio 
differs between the regions of the lung and is altered 
with the position of the subject. Figure 1 shows the 

mailto:vcherian%40pennstatehealth.psu.edu?subject=
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differences in compliance, V, and Q in an upright and 
in the lateral decubitus position and further when 
the subject is anesthetized. The V and Q are higher 
in the dependent portion of the lung in an awake, 
spontaneously breathing person. However, in an 
anesthetized patient in lateral position, the decrease 
in functional residual capacity (FRC) and the weight 
of the abdominal contents against the dependent 
hemidiaphragm makes the upper lung more compliant 
and easier to ventilate, during both spontaneous and 
positive pressure ventilation. Neuromuscular blockade 
enhances this effect, as does the rigid ‘bean bag’ and 
other support used to stabilize the patient in the 
lateral position. Finally, when the non-dependent  
chest is opened and a pneumothorax is created, 
this effect is further exaggerated as the upper lung 
becomes less restricted.

In an open pneumothorax, spontaneous ventilation 
is associated with mediastinal shift and paradoxical 
ventilation called ‘pendulluft’. 

This leads to progressive hypoxemia and 
hypercapnia, which fortunately can be corrected 
by positive-pressure ventilation. 

As previously mentioned, OLV of the dependent 
lung provides favorable operating conditions while 
protecting it from the spill of the blood and debris 
from the non-dependent lung. However, during 
OLV, the perfusion through the unventilated, non-
dependent lung can generate a significant (20-
30%) right-to-left intrapulmonary shunt, leading 
to hypoxemia. This shunt is reduced over time by 
hypoxic pulmonary vasoconstriction (HPV) and also 
by compression of the lung by surgical retraction. 
The factors that can inhibit HPV and thus worsen 
this shunt are pulmonary hypertension, hypocapnia, 
increased mixed venous oxygen (PvO2), vasodilators 

(nitroglycerin, nitroprusside, nitric oxide, milrinone) 
and inhalational anesthetics. Factors that decrease 
blood flow through the ventilated, dependent lung 
also increase the shunt. These include high mean 
airway pressure and high peak end-expiratory 
pressure (PEEP). 

The various strategies that can be used to reduce the 
hypoxemia during OLV are shown in Box 2.

Techniques of OLV
There are essentially three ways to perform OLV
1. Double lumen endobronchial tubes
2. Endo-Bronchial blockers
3.  Endobronchial placement of standard  

endotracheal tube

Double-lumen endobronchial tube (DLT)
A DLT is essentially two endotracheal tubes of unequal 
lengths stuck to each other. The shorter tube opens 
in the trachea while the longer one is positioned into 
either bronchus. The DLT, as shown in Figure 3, 

has an oropharyngeal curve and a bronchial section 
that curves lateral to either side. The right sided DLT 
has a slit on the upper part of the bronchial section 
to enable ventilation of the right upper lobe. It is 
available in various sizes (25F, 35F, 37F, 39F, and 41F). 
‘F’ or French gauge denotes the outer diameter of 
the tube and 1F is equal to 3mm. Therefore, a 39F 
DLT would have an outer diameter of 13mm, which 
is same as that of a # 9.5 ETT which has an inner 
diameter of 9.5 mm. The bronchial cuff and its pilot 
balloon are usually colored blue. 

Figure 2: Spontaneous breathing with 
pneumothorax causes paradoxical breathing Figure 3: Anatomy of a DLT
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Evolution of DLT: In 1949, Carlens, a Swedish 
physiologist, created the first DLT for differential 
broncho-spirometry. This tube was used later to 
isolate a lung for thoracic surgery. Carlens tube is a 
‘left’-sided DLT and has a ‘carinal’ hook, just proximal 
to the bronchial portion. (Figure 4) During insertion, 
the hook sits across the carina and aids in the proper 
placement of the tube. White created a ‘right’-sided 
version of this tube (“White is ‘right-sided’ Carlens”). 
However, the hook may cause airway injury or get 
amputated and dislodged. It could also interfere with 
the closure of the bronchus after pneumonectomy. In 
1959, Bryce-Smith created a tube similar to Carlens, 
but without the ‘carinal’ hook and White and Bryce-
Smith later created its right-sided version. These tubes 
were essentially made of two rubber tubes attached 
together and they offered high airway resistance 
during one-lung ventilation. 

In 1962, Robertshaw created a DLT with wider 
(D-shaped) lumens and a molded curvature for the 
bronchial section, which reduced the chance of kinking 
and improved gas flow during one-lung ventilation. 
(Figure 4) The right-sided version of Robertshaw DLT 
has a split bronchial cuff to accommodate the opening 
for the right upper lobe bronchus. DLTs were made of 
red rubber and reused after cleaning and autoclaving. 
Since early 1980s, disposable, poly-vinyl chloride (PVC) 
DLT, modeled on the Robertshaw, have practically 
replaced the red rubber ones. (Figure 4) The walls 
of the PVC tubes are thin and so the lumens are 
larger than those of the rubber DLT of equivalent 
external circumference. The larger lumens offer less 
resistance to airflow during one-lung ventilation and 
allow easy passage of suction catheters or the flexible 
bronchoscope. A recent innovation in DLT is Viva-
Sight®, which has a camera incorporated near the 
tracheal opening to enable a real time visualization 
during insertion and confirming its correct placement. 

Placement of DLT
1.  Check the integrity of both the cuffs and insert a 

lubricated stylet through the bronchial lumen.
2.  Visualize the glottic opening using a direct 

laryngoscope and as the tip of the tube enters 
the glottic opening, gently slide the stylet out. If an 
angulated video laryngoscope (Glidescope®, C-Mac 
D-blade) is being used, remember to bend the stylet 
to match the angulation of the laryngoscope.

3.  Keeping the oropharyngeal curve of the tube 
anteriorly, pass the tube into the trachea gently 
directing it towards the bronchus (Left DLT towards 
the left bronchus and right one towards the right), 
till it goes no further. Lateral flexion of the head to 
the opposite side helps to direct the tube into the 
bronchus. Water-based lubrication gel on the tube 
helps to smoothen the insertion. 

4.  Connect the breathing circuit to both the lumens of 
the DLT using a Y- connector.

5.  Inflate the tracheal cuff and ventilate – ensure end-
tidal CO2 waveform and bilateral air entry.

6.  Clamp the connector to the bronchial tube and 
open the upper end of that tube to the atmosphere 
and ventilate the tracheal lumen. The air entry to 
the blocked side should be less and there could be 
a leak from the open end of the tube. Gently inflate 
the bronchial cuff till the leak from the tube and the 
air entry to that lung stops.

7.   Repeat step 6 by clamping the tracheal lumen and 
ventilating through the bronchial lumen.

8.  It is prudent to confirm the placement of the DLT 
using a flexible bronchoscope even if the traditional, 
clinical technique suggests correct placement.

9.  The flexible bronchoscope is passed through the 
tracheal lumen and if the DLT is correctly placed, 
the upper end of the blue bronchial cuff would be 
seen within the correct bronchus and the cuff would 
not be bulging into the trachea or obstructing the 
opening of the other bronchus.

10.  Reconfirm the position of the DLT using the 
bronchoscope after the patient is positioned lateral 
for the surgery.

Endo-Bronchial Blockers (EBB)
The EBB is a long, semi-rigid catheter with a balloon 
at the tip that can be inflated to block the bronchus. 
It has a central lumen that allows lung deflation and 
provides CPAP to the blocked lung but is too narrow to 

Figure 4: Evolution of DLT
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suck out the blood and debris. The EBB is positioned 
within the ETT. 

Five types of EBB are currently available: the  
Uni-blocker® (Fuji Systems), the Arndt wire-guided  
EBB (Cook Medical), the Cohen EBB (Cook Medical),  
the EZ-Blocker (Teleflex), and the Viva-Sight® EBB  
(ETView Medical Ltd.). 

Figure 5: Endo-Bronchial Blockers (EBB)

Univent™ is a single-lumen endotracheal tube with a 
small separate lumen containing a hollow non-latex 
bronchial blocker that can extend about 8-10 cm 
beyond the tip. 

Prior to the availability of these EBB, several existing 
balloon-tipped catheters such as the Fogarty 
embolectomy, the pulmonary artery and even the 
urinary catheters have been used as bronchial 
blockers. There are several situations where an EBB 
would be better suited than a DLT. (Box 3)

Placement of Endo-Bronchial Blocker
All EBB kits come with a multiport adapter, which 
connects the ETT with the breathing circuit and allows 
concomitant coaxial placement of the EBB and also 
the flexible bronchoscope. (Figure 5). Although the 
technique of placing the different EBB varies slightly, 
the common feature is to have a visual confirmation 
that it is placed into the desired bronchus, using a 
flexible bronchoscope.

The Arndt EBB has a wire-loop that goes around the tip 
of the bronchoscope. As the bronchoscope is directed 
through the ETT towards the desired bronchus, the 
EBB is fed along. Once the EBB enters the bronchus, 
the loop is released from the bronchoscope, and 
the bronchoscope and the wire-loop are withdrawn. 
The Uni-blocker and the Cohen EBB are directed 
into the bronchus under bronchoscopy guidance by 
manipulating the proximal end of the catheter. The 
Y-junction of the EZ blocker straddles the carina with 
a cuff in each bronchus. The Viva-Sight® EBB has a 
camera at its tip.

Thoracic surgery poses special challenges to the 
anesthesiologist. A good understanding of the 
physiological changes imposed on the respiratory 
system during OLV and familiarity with the different 
types of DLT and EBB helps to overcome them. 
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Producing Anesthesiologist-Innovators

By S. Zach Frabitore, MD

We Need Innovators 
Innovation is a fundamental aspect of medicine, 
especially in the field of anesthesiology. At the 
national level, the FDA Center for Devices and 
Radiological Health recently emphasized the need 
for innovation within perioperative medicine, leading 
to a collaboration with the Society for Technology 
in Anesthesia at the 2020 American Society of 
Anesthesiologists annual meeting1,2. Between the 
recent pandemic and anesthesiology’s regard as “... 
one of the most transformative medical specialties 
with regard to patient safety3”, the perioperative 
environment is ripe with opportunity to innovate. We 
have experienced this increased interest in our own 
department, sparking discussions during program 
review and education committee meetings regarding 
innovation support for the increasing number of 
interested residents. A targeted needs assessment 
survey distributed to our faculty and residents 
confirmed widespread discomfort with engaging the 
innovation process and overwhelming support for 
increasing innovation resources for our physicians.

Defining The Problem
Despite innovation interest, few physicians engage in 
entrepreneurship despite a significant need for clinical 
input, which is a contributing factor to the billions of 
investment dollars lost on failed medical innovations 
yearly4,5,6. In fact, a 2008 study found that “physician 
patents were more highly cited by subsequent patents 
than nonphysician patents and had higher generality 
scores representing the breadth of the invention7”.

We have also seen this in our own department as, 
unsurprisingly, an avalanche of COVID-specific device 
and delivery solutions were born from the extreme, 
novel, and emergent healthcare problems that came 
with 2020. With this wave of innovation came the 
realization that our department had a very undefined 
support network for physician ideas, even though 
Pittsburgh contains a trove of academic and non-
academic innovation accelerators. A colleague and I 
experienced this firsthand after designing a COVID-
safe airway device; we struggled hard to self-learn the 
innovation process, patent law, device development, 
funding options, FDA navigation, and marketing 
basics. Harvard Business Review has recently 
recognized the challenge of engaging physicians in 
healthcare innovation and the race to tackle this issue 
on a national stage, such as the American Medical 
Association’s Physician Innovation Network forum8. 
Despite this, many well-documented barriers to 
physician-led innovation remain largely unaddressed: 
a lack of expertise in innovation fundamentals, 
increasing clinical demand, lack of funding, and lack 
of institutional support8,9,10. Outside of self-directed 
learning, which requires non-clinical time and often 
tuition costs, there is a lack of formal entrepreneurial 
or innovation education available in traditional clinical 
training. There do exist very robust physician-driven 
innovation programs, though they are institutionally 
specific and are difficult to replicate as many require 
additional year(s) of residency, a fellowship, or prior 
education (such as a PhD or engineering degree)  
as a part of their design.

Designing a Solution
In 2018 the UPMC anesthesiology department 
debuted a resident-designed Innovation Immersion 
Experience (IIE) elective, during which CA-3 residents 
spent a non-clinical month progressing through a 
free online entrepreneurship course coupled with 
innovation-passionate faculty mentorship. It was 
designed to directly and effectively address the 
four main barriers to innovation, while acting as a 
successful pilot for innovation education integration 
into our residency department. Three residents 
participated from 2018-2020. Outcome data strongly 
showed achievement of curricular goals with feedback 
centering on the need for program expansion, design/
law/marketing resource support, and departmental 

 continued on page 16
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integration. This was corroborated by IIE administrative 
faculty, who echoed the efficacy of the program and 
the need for multidisciplinary resource provision. 
Tangible outcomes include three prototyped medical 
devices, two grants, two patents, and two devices in 
clinical testing.

In response to program feedback, we exhaustively 
catalogued all regional innovation resources, both 
academic and non-academic. We discovered a 
multitude of untapped educational programs, degree-
granting tracks, funding opportunities, bioengineering 
support, incubation groups, and accelerator groups in 
our area. This robust resource network provided the 
skeleton on which to organize and employ needed 
support to physicians at any level of training, meeting 
their specific needs ad hoc. This became the basis for 
the UPMC Anesthesiology Innovation Pathway11

The keystone of the pathway is the Pittsburgh 
Innovation and Technology Track (PITTrack)12.

The PITTrack: An integrated, credential-
awarding track for Anesthesiologist-Innovators
We collaborated with the Center for Medical Innovation 
(CMI), a division of the University of Pittsburgh’s 
Swanson School of Engineering, to create the PITTrack. 
The CMI offers a Graduate Certificate in Medical Device 
Innovation (C-MPI), a 15-credit executive program 
offered to graduate and post-graduate students. It 
is a multidisciplinary, team-based program which 
seeks to educate medical, law, engineering, business, 
and PhD trainees in the art of engaging each other 
to accomplish the medical innovation process from 
ideation to development and into commercialization13. 
It is completed over the course of a fall and spring 
semester. It consists of biweekly evening didactics 
culminating in an entrepreneurial pitch of the 
team’s proposed product or solution utilizing the 
fundamentals learned in the classroom. 

Our two teams collaborated to creatively re-organize 
the C-MPI to fit within our residency program in a 
way that utilized non-clinical, low-volume clinical, and 
restructured call scheduling to allow for in-person class 
participation. Once the time required to fully engage 
in the program was created, we maximized hospital 
employee tuition benefits and departmental education 
funds to ensure no personal financial requirement for 
program participants. Additionally, our residency can 
provide up to six months of ACGME-approved  
elective time to employ said training after program 
completion. This is combined with ample project 
funding opportunities and staunch institutional  
project support, both departmental and via regional 
innovation grant programs. 

Curricular Details
Each semester consists of one core innovation 
course and one entrepreneurially focused elective. 
Core courses include “medical product ideation”, 
which includes an introduction to ethnography as a 
tool to identify clinical needs, and “medical product 
development”, which focuses on medicolegal issues as 
well as engineering/business analysis. The final 3 credits 
are an ethics requirement, which can be credited with 
medical school transcripts showing completion of a 
prior medical ethics course.

PITTrack Scholars will be accepted via application in 
March of each year (post-match). Interested candidates 
are required to provide a brief description within their 
ERAS personal statement indicating their interest in the 
PITTrack and innovation, which may include current 
projects/ideas, innovation or entrepreneurial interest, 
or future career aspirations. The Innovation Education 
Selection Committee, consisting of the current Director 
of Medical Innovation Education and contributing 
faculty members at large, will evaluate each candidate’s 
innovation interest and overall fit for the program. 
Accepted candidates will be contacted by April of the 
academic cycle, allowing for adequate time to schedule 
PGY-1 rotations appropriately.

PITTrack Scholars will follow a pre-set residency 
schedule ensuring protected time for the 
C-MPI program, early exposure to sub-specialty 
anesthesiology, and up to 6 months of non-clinical 
elective time for project completion.

 continued on page 17
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Scholars will begin the C-MPI executive coursework 
during the fall of their PGY-1 year (August-December), 
consisting of in-person coursework twice a week in 
the evenings from 6pm to 9pm. This will be supported 
by scheduling of low intensity clinical rotations and 
direct anesthesiology faculty mentorship. Spring of the 
PGY-1 year and subsequent PGY-2 year will focus on 
anesthesiology clinical experience and standardized 
board examinations as normal. The C-MPI continues 
in the spring of the PGY-3 year (January-April), again 
consisting of twice weekly evening courses coupled 
with low-intensity clinical rotations with adjusted call 
scheduling to avoid conflict. PITT Scholars will then 
participate in up to six months of ACGME-allowed 
research months in the PGY-4 year to employ 
knowledge and resources earned through the graduate 
certificate program; namely product prototyping/
testing, securing investment, company start-up, and/
or marketing. ACGME-accredited research electives will 
include direct anesthesiology and innovation faculty 
project mentorship. Progress will be presented at local, 
regional, and national medical education or innovation 
meetings as well as institutional meetings, such as 
grand rounds. 

Measuring Outcomes
Evaluation of the PITTrack will begin immediately 
after matching the first PITTrack Scholar as outlined 
above. Indicators of program success will be 
measured in four domains: validated learning objective 
achievement, program graduation, scholar feedback, 
and deliverables. Both the Anesthesiology Residency 
Program and the C-MPI program have validated 
evaluative methods in place, including grades for 

the C-MPI program and ACGME milestones for the 
residency program. In addition, successful achievement 
of the graduate certificate and graduation from the 
Anesthesiology Residency will be used as markers of 
successful outcome. Feedback of program participants 
will be evaluated at consistent intervals to determine 
scholar satisfaction, trainee stress levels, effect of 
combined training on perceived performance, areas  
for improvement, and to identify unmet trainee  
needs. And finally, tangible deliverables, such as 
publications, presentations, prototypes, patents, 
awards, and company start-ups, can be used as 
markers for success.

Next Steps
Presently, aspects of the PITTrack are being adapted 
for combination with our department’s Perioperative 
Medicine Fellowship and our Faculty-Fellow Advanced 
Scholarship Training Program (FFAST)14, a professional 
development platform for attending physicians. This 
presents two additional ways that fellows and faculty 
physicians can achieve the same training/credentials 
with full financial support and minimal extension of 
training, if any. We believe we can easily translate this 
model to other interested graduate medical education 
programs in our system. We additionally hope to 
present a model of replicable collaboration between 
academic GME programs and university affiliate 
bioengineering programs, ultimately adding to the 
possible solutions for the documented lack  
of physician-innovators.

Lessons Learned
1.  Once we understood the problem, solution design 

was much clearer.

 a.  Identifying the main barriers to physician 
innovation (education, time, funding, support) 
gave us a starting point for curricular design.

2.  Identifying every innovation resource in the  
region gave us a clear picture of existing solutions 
we might employ.

 a.  We have many talented, innovative faculty 
with impressive careers in entrepreneurship. 
They are also very, very busy.

17
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Up to 6 Months Of Non-Clinical Research Time

ABA Basic - Summer

ABA Basic - Fall

ITE

Clinical Schedule

PITTrack Schedule Standard Exam

LEGEND

Post-Residency

 continued on page 18



SENTINEL | The Pennsylvania Society of Anesthesiologists Newsletter 918

Producing Anesthesiologist-Innovators 
continued from page 17

 b.   We could have leaned on pre-existing 
curriculum or developed our own 
curriculum, but we would have been 
reinventing a wheel that professional 
innovation faculty have already perfected.

 c.  Cataloguing every innovation support group, 
education program, incubator, accelerator, 
grant, and contest allowed us to map out 
the exact resources our physicians need and 
where to get them. From there, we simply 
integrated into our department as able.

By exhaustively researching executive education 
opportunities, manufacturing time via creative 
scheduling and research elective use, identifying 
funding through employee contract benefits and 
departmental education funds, and ensuring 
institutional support via integrated pathway 
establishment, we seek to address the major barriers 
to physician innovation. This will be the first year we 
employ the Innovation Pathway, and we are actively 
seeking the first residents for the PITTrack. 
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Joseph Answine, MD, FASA
ALTERNATE DISTRICT DIRECTOR TO THE ASA

As I researched the topic of intraoperative fluid 
management for a resident lecture, I, as frequently 
occurs, was surprised to find out how much I did not 
know about the topic.  The expansion of enhanced 
recovery programs throughout the world has forced 
us to rethink many aspects of our care, including fluid 
administration. One of the most common approaches 
to intraoperative fluid management is restrictive  
fluid therapy or more appropriately, goal directed  
fluid therapy.     

First, we must think of fluids as medications and not 
just carriers since their administration can alter the 
composition of electrolytes within the body as well 
as organ perfusion. To put this into perspective, the 
administration of a liter of 0.9% normal saline, which 
can occur over minutes with a large bore IV or central 
line, increases a patient’s weight by about 2.2 pounds 
(1/3 the daily requirement for water) and provides 
three times the daily requirement of salt (9 grams).  
This is the salt equivalent of a few dozen bags of 
potato chips.  

Preoperative fluid deficit is greatly overestimated 
based on the formulas used when I trained.  The NPO 
requirements have been relaxed allowing and even 
encouraging clear liquids up to two hours before 
surgery.  Furthermore, the placement of drains, such 
as nasogastric tubes and foley catheters, is now 
discouraged.  Lastly, many procedures are performed 
using minimally invasive techniques reducing the 

blood and evaporative losses.  Therefore, if we give 
fluids as freely as when I trained, volume overload  
can be expected.

Recent studies show that fluid administration is 
not given much thought in the operating room. 
A study from 2017 titled “Analysis of variability in 
intraoperative fluid administration for colorectal 
surgery: an argument for goal-directed fluid therapy” 
found that there was significant variability in the 
type and amount of fluid administered as well as the 
fluid administration rate during colorectal surgery. 
The mean for total crystalloid administration was 
2578 ml with a standard deviation (SD) that was 
approximately 50% of the mean value. A combination 
of both normal saline and lactated ringer’s solution 
was used in almost all cases without a clear rationale 
for fluid choice. Fluid administered to patients was 
disproportional to measured intraoperative fluid 
losses (estimated blood loss and urine output) by 
a factor of 10. The average rate of fluid given was 
1050 mL/h with a SD of nearly the same amount 
(951 mL). And, there was a variability of over 67% in 
total crystalloid administered based on both ideal 
body weight and total body weight. (1)  Another study 
from 2015 titled “Variability in practice and factors 
predictive of total crystalloid administration during 
abdominal surgery: retrospective two-centre analysis” 
found a wide variability in crystalloid administration 
both within and between individual anesthesia 
providers, which might contribute to variability in 
surgical outcomes.(2)  

 continued on page 20



SENTINEL | The Pennsylvania Society of Anesthesiologists Newsletter

 continued on page 21

20

Perioperative Fluid Therapy: Optimal Fluid for High Risk 
Surgical Patients, a Change in Thinking 

What is goal-directed fluid therapy?  The goal is to 
optimize stroke volume. It requires a pre, intra and 
post-operative plan. At any point, the plan can fail if 
not followed. Studies show that intraoperative urinary 
output does not correlate with postoperative acute 
renal injury.  What patients require is “oxygen delivery”, 
therefore they need “flow” not necessarily pressure. 
Without a device to measure stroke volume/flow  
intra-operatively, the best determinant of a fluid  
deficit is a hemodynamic response to a fluid bolus. 
The administration of 250 ml of crystalloid or  
colloid is common. 

There are two parts to fluid therapy: maintenance 
therapy and volume therapy.  Maintenance therapy 
replaces insensible losses and urine output. Urine 
output should be 1-1.5 ml/kg/hr for most procedures 
with higher rates for procedures with larger incisions. 
Volume therapy treats hemodynamic changes with 
fluid boluses. Vasopressors are added to increase 
blood pressure if you feel that the fluids are optimized. 

In a Cochrane analysis from 2018 titled “Colloids 
versus crystalloids for fluid resuscitation in critically 
ill people”, the preponderance of the studies 
demonstrate that using starches, dextrans, albumin, 
FFP, or gelatins versus crystalloids probably makes 
little or no difference to mortality. Starches probably 
slightly increase the need for blood transfusions 
and renal replacement therapy. Albumin or FFP may 
make little or no difference to the need for renal 
replacement therapy. Evidence for blood transfusions 
for dextrans, albumin, or FFP is uncertain. Similarly, 
evidence for adverse events is uncertain.(3) Therefore, 
the choice between crystalloids and colloids appears 
to be up to the individual administering it.  
 
The crystalloid of choice should be an isotonic, 
balanced crystalloid (e.g. lactated ringer’s, hartman’s, 
plasmalyte). The electrolytes contained in the solution 
should closely mimic the blood plasma.

It is important to note that 0.9% normal saline is 
NOT a balanced salt solution since it only contains 
Na+ and Cl- in equal parts and we know that large 
volumes of saline (30 ml/kg/hr or greater) can cause 
hyperchloremic metabolic acidosis.  

So, why does normal saline lead to metabolic 
acidosis?  It is based on the strong ion difference 
(SID) within the body.  (SID = [strong cations] – [strong 
anions] = [Na+ + K+ + Ca2+ + Mg2+] – [Cl- + lactate-]).  
Disturbances that increase the SID increase the blood 
pH (alkalosis) while disorders that decrease the SID 
lower the plasma pH (acidosis).  Hyperchloremia 
caused by large volumes of normal saline decreases 
the SID leading to hyperchloremic metabolic acidosis 
due to movement of bicarbonate (a weak anion) 
intracellularly or bicarbonate wasting through the 
kidneys to reestablish the normal SID. 

This was demonstrated clinically in a study from 2001 
titled “Normal saline versus lactated ringer’s solution 
for intraoperative fluid management in patients 
undergoing abdominal aortic aneurysm repair: an 
outcome study”. When normal saline was used as the 
primary intraoperative solution, significantly more 
acidosis was seen on completion of surgery. This 
acidosis resulted in no apparent change in outcome 
but required larger amounts of bicarbonate to 
achieve predetermined measurements of base deficit 
and was associated with the use of larger amounts of 
blood products. (4)

continued from page 19
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Furthermore, studies also demonstrate that the use 
of normal saline in renal transplant patients leads 
to more acidosis and higher serum potassium levels 
when compared to balanced salt solutions. For 
example, a study from 2005 titled “A randomized, 
double-blind comparison of lactated Ringer’s 
solution and 0.9% NaCl during renal transplantation” 
showed lactated ringer’s was associated with 
less hyperkalemia and acidosis compared with 
normal saline. (5) This is assumed to be due to the 
hyperchloremic metabolic acidosis which leads 
to movement of hydrogen ions intracellularly and 
potassium ions extracellularly. 

Lastly, we should discuss the “endothelial glycocalyx” 
which may be responsible for maintenance of fluid 
homeostasis. It is a jelly-like protective layer made 
of mostly glycosylated proteins covering the luminal 
surface of the endothelium. It is the molecular barrier 
for plasma proteins. Perioperative damage to the 
glycocalyx increases vascular permeability leading to 
interstitial fluid shifts, edema, platelet aggregation, 
leukocyte adhesion, creation of a prothrombotic 
environment and increased surgical morbidity.  
Pathological shedding of the glycocalyx occurs in 
response to hypervolemia (endovascular expansion), 
endotoxins, inflammatory mediators, atrial natriuretic 
peptide, ischemia-reperfusion injury, oxygen free 
radicals and hyperglycemia. Protecting this structure 
during surgery means limiting the surgical trauma and 
avoiding intravascular hypervolemia. Hypervolemia 
induces a significant amount of protein movement 
into the interstitial space. Studies show that most of 
the proteins in colloids are lost during hypervolemic 
administration, however, most, or all, stay in the 
intravascular space during euvolemic hemodilution. 
(6,7)  

I hope that after reading this, you will never look at 
fluid administration in the operating room the same 
way.  You will be hanging a medication no different 
than any other infusion of say norepinephrine, 
vancomycin or propofol with the ability to benefit or 
hurt the patient depending on how it is administered.   
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LEGISLATIVE UPDATE

After the summer recess, the House of Representatives returned to Harrisburg on September 20th and the  
Senate returned on September 27th. Here are updates regarding the work being done in the Pennsylvania  
General Assembly*. 

This past June, Governor Wolf signed Act 60 of 2021. This legislation was the result of intense negotiations between 
the PSA and the Pennsylvania Association of Nurse Anesthetists (PANA). The negotiations were mediated by members 
and staff of the House Professional Licensure Committee. This compromise created a legally recognized title for 
CRNAs while protecting patient safety by requiring, under statute, the overall direction of CRNAs by a physician.  
For more information regarding this compromise, please see Dr. Patel’s “President’s Message".

Looking to the session ahead, the PSA would like our members to be aware of a new potential legislation.  
This legislation would allow Certified Anesthesiologist Assistants (CAAs) to practice under the supervision of a 
supervising anesthesiologist. This legislation has yet to be introduced, but as the situation develops the PSA  
will be sure to keep you apprised. 

Though a legislative agenda has yet to be announced, it can be expected that the General Assembly will continue to 
work on policy relating to the COVID-19 pandemic. It is likely that the General Assembly will re-examine the emergency 
waivers and licenses that were issued during the pandemic and expired on September 30th, 2021. In addition to 
the COVID-19 pandemic, the General Assembly is expected to continue the work they began on the election code 
following the 2020 election. The PSA will be sure to keep you up to date regarding any policy or legislation that may 
affect our patients or profession.

The PSA accomplished a great victory for patient safety this past June. Still, we need our members to be proactive.  
Now is a great time to identify and meet with your legislators if you do not have a pre-established relationship with 
them. If you have a pre-existing relationship with your legislators, now is a great time to meet with them to update 
them on the issues that matter to you. If you need any help, please feel free to reach out to Tyler from Milliron 
Goodman at Tyler@millirongoodman.com. 

mailto:Tyler%40millirongoodman.com.%20?subject=
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Estimation of Allowable Blood Loss and Calculation  
of Actual Blood Loss—A Review

Jonathan Roth, MD

Can you answer these two questions?

A 70 year old male has a starting hemoglobin (Hi) 
of 12 g/dl.  How much blood can he lose before he 
needs a transfusion of packed red blood cells?
   
A patient receives two units of packed red blood cells 
(PRBC) and 300 ml of cell saver blood during a case. 
The Hi is 12 g/dl and the end of case hemoglobin (Hf 
) is 8 g/dl. The surgeon asks, “What is the estimated 
blood loss?”  

Estimation of allowable blood loss

 One of the decisions an anesthesia care provider 
makes is when to transfuse packed red blood cells.  
Because of all the well-known risks, costs, and side 
effects, transfusing blood unnecessarily should be 
avoided.  The estimation of allowable blood loss (ABL), 
i.e. the volume of blood a patient can lose before 
transfusion is indicated, is often used as a guide as to 
when to transfuse PRBC. The formula is often taught 
as:

Formula #1:     ABL = EBV • (Hi – Hf)/Hi

where EBV is the estimated blood volume, Hi is the 
initial hemoglobin or hematocrit, and Hf is the final 
hemoglobin or hematocrit. In this application of the 
formula, Hf is the same as the transfusion threshold.*  
(Since the numerical value of the hematocrit is 
approximately 3 times the numerical value of the 

hemoglobin, either hemoglobin or hematocrit can 
be used in the equation as the factor of 3 will cancel 
out.)  Commonly, a hemoglobin level below the range 
of 7 to 9 g/dl is the threshold at which transfusion 
is indicated, particularly if additional blood loss is 
anticipated.  Of course, transfusion may be indicated 
at a higher hemoglobin level than the assigned 
Hf if there are clinical signs such as hypotension, 
myocardial ischemia, or lactic acidosis.  However, 
as will be explained below, this formula provides an 
ABL estimation that is lower in value than the actual 
blood loss required to cause Hi to decrease to Hf 
(assuming normo-volemia is maintained at all times). 
Thus, using this formula may result in premature and 
unnecessary blood transfusion in some cases.
     
During ongoing blood loss, normo-volemia is 
maintained by an infusion of crystalloid or colloid and 
progressive hemodilution subsequently occurs. Based 
on this assumption, the decrease in hemoglobin 
concentration follows a simple washout with the exact 
solution being:

Formula #2:      ABL = EBV • ln (Hi/Hf)

where ln is the natural logarithm. To eliminate the 
need to utilize natural logarithms, this formula can be 
closely approximated by an algebraic manipulation of 
its Taylor series expansion to:

Formula #3:     ABL = EBV • (Hi-Hf)/Hm

where Hm is the midpoint between Hi and Hf 
calculated as Hm = (Hi + Hf) / 2

Formula #3 differs from formula #1 in that it has 
a smaller denominator (Hm is always less than Hi), 
resulting in a larger calculated ABL. A comparison 
of the three formulas using various initial and final 
hemoglobin values is presented in patients #1 - #4 
in Table 1, Section A. Assuming one unit of PRBC 
replaces 500 ml of ongoing blood loss (at an average 
hemoglobin of 10)**, the 1,144 ml discrepancy in ABL 
between formula #1 and formula #2 can potentially 
result in the transfusion of 2 or 3 units of PRBC that 
are not needed (Table 1, patient #2).  For the other 
patients where the change in hemoglobin level 
was more moderate, the discrepancy may lead to 

 continued on page 25
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Estimation of Allowable Blood Loss and Calculation of  
Actual Blood Loss—A Review 
continued from page 24

the unnecessary transfusion of 1 unit of PRBC.  By 
using formula #1, based on an estimated blood loss 
between 2,667 and 3,811 ml, one may inaccurately 
estimate that the current hemoglobin level is at or 
lower than Hf when in actuality there isn’t enough 
blood loss for the hemoglobin level to be at or  
below Hf.

As mentioned above, the calculations presume 
normo-volemia is maintained at all times.  If there 
is blood loss and transient hypovolemia, more RCV 
will be lost in each ml of blood loss than if there 
was concurrent crystalloid infusion and progressive 
hemodilution. This is an underlying assumption of 
formula #2.  Thus, a lesser volume of blood loss is 
required to decrease the RCV from that at Hi to that 
at Hf.  Hence, in the absence of concurrent fluid 
infusion to maintain normo-volemia, a given volume of 
blood loss will result in a lower Hf than calculated or 
a lesser volume of blood loss than the calculated ABL 
is required for the Hi to decrease to Hf.  To illustrate 
this point, consider the extreme hypothetical situation 
where the entire blood volume is first lost and then 
replaced with crystalloid.  The hemoglobin value after 
fluid resuscitation will be 0 g/dl.  If one blood volume 
is lost and normo-volemia is maintained during the 
blood loss, the loss of one blood volume is one time 
constant resulting in Hf equaling 36.8% of Hi.
    
In practice, it is likely that often there is a small amount 
of blood loss that is followed by fluid infusion.  Using 
an iterative model in which 100 ml is lost and then 
volume is infused to restore normo-volemia before the 
next 100 ml blood loss (Table 2), the ABL for patients 
#1, #2, #3, and #4 would be approximately 2,000 ml, 
3,800 ml, 1,800, and 2,000 ml respectively (Table 1, 
Section B).  (These values are not exact because with 
100 mL incremental losses, the resulting Hf in each 
iteration varies slightly from the integer values used 
in formulas #1, #2, and #3.)  These ABL values are 
close in value to those obtained by using the exact 
solutions (formula #2). The values differ by less than 
50 ml in patients #1-4, which span a wide range of 
Hi and Hf combinations.  In these four patients, the 
differences in ABL between the 100 ml iterative model 
and formula #1 are similar to the differences between 
formula #1 and the exact solution (formula #2). For 
a practical matter, if one presumes, in reality, one 

will intermittently fall behind in fluid resuscitation 
periodically during the case, then subtracting 50 ml (in 
most cases) from the ABL calculated from formula #3 
will still result in a larger ABL than that obtained from 
formula #1. This may  
still prevent the unnecessary transfusion of PRBC in 
some cases.

These formulas are most helpful when one does not 
have intraoperative measurements of hemoglobin 
or hematocrit.  As a general rule, laboratory values 
should have a greater weight in decision making 
than estimates from these formulas alone.  However, 
laboratory estimates may be imperfect, often because 
of transient states of relative hemodilution (during 
times of hypervolemia) or relative hemoconcentration 
(during times of hypovolemia) prior to equilibration.

*Footnote
In addition to estimating allowable blood loss, this formula can 
be used to calculate actual blood loss. If there have been no PRBC 
or cell saver transfusions, both Hi and Hf are known, and Hi has 
decreased to Hf, then ABL estimates the actual blood loss that has 
occurred.

**Footnote
Red cell volume (RCV) = hematocrit x blood volume.  A typical  
unit of PRBCs has a volume of 250 ml with a hematocrit value of 
60%.  Its RCV = 0.60 • 250 ml = 150 ml.  The RCV of 500 ml of blood 
with a hematocrit of 30% is 150 ml (0.30 • 500 ml), which is equal 
to the RCV of 1 unit of PRBC.  If transfusion occurs at a hemoglobin 
of 8, corresponding to a hematocrit of 24, then 1 unit of PRBC will 
replace the RCV in 625 ml of ongoing blood loss (625 ml • 0.24 = 
150 ml RCV).
     
For a patient with an EBV of 5,000 ml, one unit of 
PRBC will increase the Hct by 3% as 150 ml RCV ÷ 
5,000 ml EBV = 0.03.  Similarly, one unit of PRBC 
contains approximately 50 grams of hemoglobin 
and will increase the hemoglobin concentration by 
1 gram/dl as 50 grams of hemoglobin ÷ 5,000 ml 
EBV = 1 gram/100 ml. (There are fifty 100 ml aliquots 
in 5,000 ml.)  A finite quantity added to a larger 
container will have a smaller effect and vice versa.  
Thus, for larger patients, the increments will be less 
and vice versa.

 continued on page 26
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Estimation of blood loss at the end of a large 
blood loss case
 At the end of a case, how does one estimate the total 
blood loss (i.e., the volume of blood that has left the 
body) when transfusion has occurred with PRBCs 
and/or cell saver (CS) blood?  The answer requires an 
end of case hemoglobin determination, Hf, and can 
be estimated by using the ABL formula above and 
two transfusion terms:

Formula #4     TBL = ABL (calculated from formula #3) 
+ 500 • TPRBC + 2 • TCS 

where TBL is total blood loss, TPRBC is the number 
of units of PRBC transfused, and TCS is the volume, 
in ml, of CS blood transfused.  To explain the three 
terms:

ABL is the amount of blood loss needed to decrease 
Hi to Hf.  If Hi decreases to Hf, ABL estimates the 
actual blood loss that has occurred.
    
Transfused PRBC or CS either leaves the body or 
stays in the body and raises the hemoglobin value.  
First, consider the situation where the transfusion 
raises the hemoglobin value. If Hf is as high as it is 
because of the transfusion, it means the hemoglobin 
nadir after blood loss is less than Hf.  Thus, TBL 
must be greater than the ABL calculated using Hf in 
order for the hemoglobin to reach its nadir before 
the transfusion raises it to Hf.  The ABL based upon 
Hf does not account for the additional blood loss 
that caused the hemoglobin to decrease to its nadir.  
The transfusion terms account for this additional 
blood loss.  Second, consider the situation when the 
transfused blood just left the body due to bleeding.  
Again, the calculated ABL accounts for the blood 
loss going from Hi to Hf.  If transfused blood just 
leaves the body and the hemoglobin level remains 
unchanged, the calculated ABL doesn’t change.   
The transfusion terms account for the volume of 
ongoing blood loss.

As discussed in the footnote above, 1 unit of 
PRBC has the same RCV as 500 ml of blood with a 
hematocrit of 30% (hemoglobin = 10 g/dl), or the 
same RCV as 625 ml of blood with a hematocrit was 
24% (hemoglobin = 8 g/dl).  In formula #4, the value 
of 500 was used, but it could be changed to a higher 
value if the average intraoperative hemoglobin value 
is less than 10 g/dl.  (It takes a greater volume of 
blood loss with a lower hematocrit value to lose the 
same quantity of RCV).  CS blood when concentrated 
can have a hematocrit of >60%.  At 60%, 1 ml of 
CS blood has the same RCV as 2 ml of blood with 
a hematocrit of 30%.  In formula #4, the factor of 
two was used, but it could be changed to a higher 
value if you know your cell saver provided a more 
concentrated product or if blood loss occurred with an 
average intraoperative hemoglobin less than 10 g/dl.

The answer to the stem question:
At the end of a case where Hi is 12 g/dl, Hf is 8 g/
dl, and two units of PRBC and 300 ml of CS were 
transfused, the surgeon asks for an estimate of the 
blood loss.  The estimate is calculated as: 
TBL = 2,000 (from formula #3) + 500 • 2 + 2 • 300. 
The result is a value of 3,600 ml and a disbelieving 
surgeon.
     
For a patient with an EBV of 5,000 ml, a quick first 
approximation of TBL can be achieved by estimating 
the ABL term to be 500 ml, or more generally 1/10th 
EBV (500 = 1/10th of 5,000) for every 1 gram/dl 
decrease in hemoglobin value.  The closer the average 
hemoglobin (or Hm) value is to 10 g/dl, the more 
accurate this 500 ml first approximation estimate is 
(Patient #4, Table 1, Section C).  At higher hemoglobin 
values, more RCV is lost in each ml of shed blood 
(Patients #1 and #2 in Table 1, Section C) than the 
500 ml estimate (which is based on an average or 
midpoint hemoglobin value of 10 g/dl). Thus, the ABL 
will be less than 500 mL per gram/dl decrease in 
hemoglobin.  At lower hemoglobin values, less RCV is 
lost in each ml of shed blood than the estimate, which 
is based on a hemoglobin value of 10 g/dl. Thus, the 
ABL will be more than 500 mL per gram/dl decrease 

 continued on page 27
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in hemoglobin (Patient #3 in Table 1, Section C).  
Additionally, in a smaller person with an EBV of 4,000 
ml, ABL can be estimated by 400 mL (1/10th EBV) for 
every gram of hemoglobin decrease (Patient #6 in 
Table 1, Section C).  In a larger person with an EBV of 
6,000 ml, ABL can be estimated by 600 mL (1/10th 
EBV) for every gram of hemoglobin decrease (Patient 
#5 in Table 1, Section C).  As can be gleaned from 
formulas #1, #2, or #3, for any given Hi and Hf, the 
ABL is directly proportional to EBV (Patients #4, #5, 
and #6 in Table 1, Section C).
     

Using similar reasoning, if at the beginning of the case 
one does not have time to calculate ABL by formula, one 
can get a rough ballpark figure, i.e. a first approximation 
of ABL, by multiplying the decrease in hemoglobin 
from Hi to Hf by 500 (or more generally 1/10th EBV).  
Anecdotally, by just knowing the Hi and using this 
estimate, the author has been able to avoid unnecessary 
transfusions in urgent situations where there wasn’t an 
opportunity to calculate the ABL by formula.

(Table 1 and 2 are attached at end of newsletter.)

IN MEMORIAM
 
One of our members, Joseph L. Seltzer, M.D. 
who served on the PSA Board of Directors  
died October 9.  He was 76 years old.

A graduate of Jefferson Medical College,  
Dr. Seltzer returned to the institution in  
1980 and rose to become Chairman of the  
Anesthesiology Department.  He held that  
position for 18 years.  During that time, he  
developed it into a productive academic  
department.  He had a strong interest in  
resident education and training standards 
demonstrated by his work for the American 
Board of Anesthesiology and the Society of  
Academic Anesthesiology Chairs.

Joe’s interest in advancing the practice of  
Anesthesiology is reflected by his more than 
twenty years of activity on the PSA’s Board of 
Directors.  He served as President in 1995-96.  
He also led the development of the first PSA 
strategic plan and mission statement in 2008.  
He received the Society’s Distinguished Service 
Award for his activities on our behalf in 2008.  
He is remembered for his calm, thoughtful  
presence and his foresight.    
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Proposals Being Accepted for Visionary Projects  
from PSA Members! 

The Membership Engagement and Development Fund was created by the PSA Board of Directors to support 
visionary projects, not otherwise fully funded in the Annual Budget, that are focused primarily on attracting  
new members and/or enhancing the value of the Society to current membership.

Proposals for projects requesting financing from the Fund must be submitted to the PSA Executive Director  
by any PSA member in good standing, including members of the Board or PSA Committees. Proposals may  
be submitted on a rolling basis through the fiscal year and may be actively considered until all funds have  
been allocated. Proposals will be considered as promptly as feasible in the order of receipt. 

Proposals must include: 
 • Names, practice affiliation, PSA affiliation, and Conflict of Interest declarations for proposers
 • Statement of need and justification of membership impact
 • Estimated time needed to complete the project including start and end dates
 • Total projected budget
 • Itemization of proposed expenditures
 • Time frame over which those costs will be incurred
 • Declaration of engagement and development funds received from PSA for prior projects

To submit a proposal, please do so at: https://form.jotform.com/211464865680159

https://form.jotform.com/211464865680159


Table 1
Section A Section B Section C

Formula # 1 Formula # 2 Formula # 3 Iterative model ml blood lost
Using Hi in the Exact solution Using Hm in the ABL if bleeding occurs in per gram decrease
denominator denominator 100 ml increments followed in hemoglobin

by fluid replacement using ABL from
formula #2

Patient # Hi Hf Hm EBV Decrease ABL Difference ABL ABL Difference ABL* Difference from formula
in Hgb from exact solution from exact solution Iterative model #1 #2 #3
=Hi-Hf ABL = EBV x (Hi-Hf)/Hi ABL = EBV x ln(Hi/Hf) ABL = EBV x (Hi-Hf)/Hm see Table 2 =ABL/(Hi-Hf)

g/dl g/dl g/dl ml g/dl ml ml ml ml ml ml ml ml ml ml

     #1 15 10 12.5 5,000       5               1,667        361               2,027        2,000        27            2,000                   333          (27)           -           405                            
     #2 15 7 11 5,000       8               2,667        1,144            3,811        3,636        174          3,800                   1,133       (11)           164          476                            
     #3 10 7 8.5 5,000       3               1,500        283               1,783        1,765        19            1,800                   300          17            35            594                            
     #4 12 8 10 5,000       4               1,667        361               2,027        2,000        27            2,000                   333          (27)           -           507                            

     #5 12 8 10 6,000       4               2,000        433               2,433        2,400        33            608                            
     #6 12 8 10 4,000       4               1,333        289               1,622        1,600        22            *These values are not exact because with 100 ml 405                            

incremental losses, the resulting Hf does not result
in the exact integer value used in formulas 1, 2, an 3.

Hi = initial hemoglobin
Hf = final hemoglobin
Hm = midpoint hemoglobin = (Hi + Hf)/2
ABL = allowable blood loss
EBV = estimated blood volume

Estimation of Allowable Blood Loss and Calculation of  
Actual Blood Loss—A Review

Table 1 

 



Table 2   Iterative model in 100 ml steps for patients #1 and #2, EBV = 5,000 ml

Column 
"a" "b" "c" "d" "e" "f" "g" "h" "I"

Notes Iteration Beginning Beginning RCV in RCV Hf or new Actual Cumulative blood
step HCT for each RCV for each 100 ml remaining beginning cumulative loss using

iteration iteration blood loss after 100 ml HCT for blood loss formula #2
blood loss next step

# % ml ml ml % ml ml

=column "g" from ="c" x 5000 = "c" x 100 = "d" - "e" ="f"/5000 =100 x "b" ABL = EBV • ln (Hi/Hf)
previous step where Hi = 45 and

Hf = "g" of current iteration

Hi = 45 1 45.0                 2,250.0           45.0            2,205.0            44.1         100               101           
2 44.1                         2,205.0           44.1            2,160.9            43.2         200               202           
3 43.2                         2,160.9           43.2            2,117.7            42.4         300               303           
4 42.4                         2,117.7           42.4            2,075.3            41.5         400               404           
5 41.5                         2,075.3           41.5            2,033.8            40.7         500               505           
6 40.7                         2,033.8           40.7            1,993.1            39.9         600               606           
7 39.9                         1,993.1           39.9            1,953.3            39.1         700               707           
8 39.1                         1,953.3           39.1            1,914.2            38.3         800               808           
9 38.3                         1,914.2           38.3            1,875.9            37.5         900               909           

10 37.5                         1,875.9           37.5            1,838.4            36.8         1,000           1,010        
11 36.8                         1,838.4           36.8            1,801.6            36.0         1,100           1,111        
12 36.0                         1,801.6           36.0            1,765.6            35.3         1,200           1,212        
13 35.3                         1,765.6           35.3            1,730.3            34.6         1,300           1,313        
14 34.6                         1,730.3           34.6            1,695.7            33.9         1,400           1,414        
15 33.9                         1,695.7           33.9            1,661.8            33.2         1,500           1,515        
16 33.2                         1,661.8           33.2            1,628.5            32.6         1,600           1,616        
17 32.6                         1,628.5           32.6            1,596.0            31.9         1,700           1,717        
18 31.9                         1,596.0           31.9            1,564.1            31.3         1,800           1,818        
19 31.3                         1,564.1           31.3            1,532.8            30.7         1,900           1,919        

* 20 30.7                         1,532.8           30.7            1,502.1            30.0     2,000      2,020   
21 30.0                         1,502.1           30.0            1,472.1            29.4         2,100           2,121        
22 29.4                         1,472.1           29.4            1,442.6            28.9         2,200           2,222        
23 28.9                         1,442.6           28.9            1,413.8            28.3         2,300           2,323        
24 28.3                         1,413.8           28.3            1,385.5            27.7         2,400           2,424        
25 27.7                         1,385.5           27.7            1,357.8            27.2         2,500           2,525        
26 27.2                         1,357.8           27.2            1,330.6            26.6         2,600           2,626        
27 26.6                         1,330.6           26.6            1,304.0            26.1         2,700           2,727        
28 26.1                         1,304.0           26.1            1,277.9            25.6         2,800           2,828        
29 25.6                         1,277.9           25.6            1,252.4            25.0         2,900           2,929        
30 25.0                         1,252.4           25.0            1,227.3            24.5         3,000           3,030        
31 24.5                         1,227.3           24.5            1,202.8            24.1         3,100           3,131        
32 24.1                         1,202.8           24.1            1,178.7            23.6         3,200           3,232        
33 23.6                         1,178.7           23.6            1,155.2            23.1         3,300           3,333        
34 23.1                         1,155.2           23.1            1,132.1            22.6         3,400           3,434        
35 22.6                         1,132.1           22.6            1,109.4            22.2         3,500           3,535        
36 22.2                         1,109.4           22.2            1,087.2            21.7         3,600           3,636        
37 21.7                         1,087.2           21.7            1,065.5            21.3         3,700           3,738        

** 38 21.3                         1,065.5           21.3            1,044.2            20.9     3,800      3,839   

* Patient #1 where Hi = 45 and Hf = 30
** Patient #2 where Hi = 45 and Hf = 21
Since with iteration the Hfs  were not exactly 30 and 21 respectively, the ABL values from formula 2 in this table differ slightly from those in table 1

Estimation of Allowable Blood Loss and Calculation of  
Actual Blood Loss—A Review

Table 2 

 


