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hen reviewing the topic for this talk, I realized my overarch-

ing mission in research has been to challenge conventions
to improve patient outcomes. I shall focus on 4 areas of research
that were developed at the Hospital for Special Surgery (HSS).

First, some chronology. I am from New Zealand, and I am the
second New Zealander to receive this award. Sir Robert Reynolds
Macintosh was born in Oamaru, close to where I went to medical
school in Otago. He was the second Labat awardee and recognized
worldwide for developing the Macintosh laryngoscope blade. In
regional anesthesia, he is recognized for developing the Macin-
tosh balloon, a device to measure loss of resistance to aid in iden-
tification of the epidural space.' His patron and supporter was
Lord Nuffield, who funded a number of Nuffield chairs at Oxford
and insisted on one for his friend Robert Macintosh. He became
the first Nuffield professor of anesthesia in Oxford and in Great
Britain.? Like me, he developed his career overseas—in his case
at Oxford, and in mine, Boston and New York.

I completed my medical school training in 1971, having done
a year of research on exercise physiology and metabolism.” After
graduating, I came to the United States in December 1972 and
completed a residency at Albert Einstein Hospital in the Bronx,
then worked at Peter Bent Brigham Hospital in Boston for 2 years,
Lenox Hill Hospital in New York City for 9 years, and have been
at the HSS in New York City since 1986. Each location was for-
mative in its own way.

I shall present 4 conventions I have challenged. First, that
shoulder surgery should be performed under general anesthesia;
second, that general anesthesia is the anesthetic of choice for total
hip arthroplasty (THA) and total knee arthroplasty (TKA); third,
that the best thromboprophylaxis for total joint is potent anticoag-
ulants following surgery, and finally, I shall challenge the concept
that hypotension is contraindicated in the elderly high-risk pa-
tients if hypotensive epidural anesthesia (HEA) is used.

The first convention: All shoulder surgeries must be per-
formed under general anesthesia. Alon Winnie* was the sixth re-
cipient of the Gaston Labat Award in 1982, and he developed
the concept of plexus anesthesia and described the interscalene
block (ISB) in 1970. His classic article is worth reading. In it, he
noted, “The interscalene technique is particularly useful in patients
who are unable to cooperate due to inebriation, disorientation, or
the extremes of age.”

From the Department of Anesthesia, Hospital for Special Surgery, New

York, NY.

Accepted for publication June 25, 2017.

Address correspondence to: Nigel E. Sharrock, MB, ChB, BMedSci,
Department of Anesthesiology, Hospital for Special Surgery, 535 E 70th St,
New York, NY 10021 (e-mail: sharrockn@hss.edu).

The author declares no conflict of interest.

Copyright © 2017 by American Society of Regional Anesthesia and Pain
Medicine

ISSN: 1098-7339

DOI: 10.1097/AAP.0000000000000688

In this context, I performed my first ISB in 1974 in the Bronx
on a catatonic schizophrenic patient who had a forearm fracture.
He did not budge with the skin puncture but moved as I advanced
the needle. I considered this as a paresthesia and injected a healthy
dose of local anesthetic, and the block worked fine. At the Peter
Bent Brigham, I published my first article on regional anesthesia
in 1976 entitled, “An Improved Technique for Locating the
Interscalene Groove.” By the time T had left Lenox Hill Hospital
in 1986, I had performed more than 1000 cases of ISBs, all using
the paresthesia technique. I arrived at the HSS proficient at ISB.

In the 16 years since Winnie's original description of ISB,
there were only a handful of publications of the technique for
shoulder anesthesia—mainly manipulation of the shoulder. The
convention was general anesthesia for shoulder surgery. In 1971,
Balas® described using ISB in combination with a T1-T2 para-
vertebral block for major shoulder surgery, which I had done,
and this was the recommendation in 1986. This approach seemed
impractical for general use and carried the risk of pneumothorax
or total spinal anesthesia.

I had a chance conversation with a fellow surgeon, Allan
Inglis, who also taught anatomy at Cornell Medical School. 1
asked him whether an ISB alone would be sufficient for open
shoulder surgery. We discussed the relevance of the paravertebral
block, and his belief was that ISB alone should be fine. So I went
ahead and gave an ISB alone for a total shoulder replacement, and
it worked fine.

Next thing, the sports medicine surgeons wanted to use ISB
for shoulder surgery in the sitting position rather the lateral posi-
tion because this gave them better exposure with less risk of trac-
tion nerve palsy. Within a couple of months, the sports surgeons
were describing the technique at meetings. They published a series
of 50 cases with a photograph of a |patient awake in the sitting po-
sition.”| The technique benefited both the patient and the surgeon.
It enabled the surgeons to be more comfortable using the sitting
position, thus making surgery easier. The surgeons promoted the
technique, and ISB became the standard for shoulder surgery
around the world.

I thought this was totally novel, so I asked our librarian to do
a thorough literature search. There were 2 reports of ISB for open
shoulder surgery: in 1979, 2 case reports from Singapore,® and in
1982, a series of 46 cases with 20% failure or complication rate.’
The evidence suggests that the concept of being able to reliably
perform major surgery on the shoulder under ISB was novel.
In addition, operating in the sitting or beach-chair position under
regional anesthesia was novel and changed the standard for
shoulder surgery. We went on to publish several articles on ISB
for shoulder surgery'®!'—most notably, the landmark article
by Bill[Urmey et al'' documenting the diaphragm paralysis with
an ISB. He went on to publish many articles on this, defining the
physiology in detail.

Convention 2: Total hip and knee arthroplasties are best per-
formed under general anesthesia. This was the standard of care in
1986 when I arrived at HSS. At that time, HSS was performing
1% of all THAs and TKAs in the United States. The standard of
care was general anesthesia, although some patients received
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spinal anesthesia. Although it was
this had

had little impact on anesthetic practice.

One of the major questions in anesthesia was: Is regional an-
esthesia safer than general anesthesia? The Hospital for Special
Surgery was a place to potentially study this question. I had the

belief that anesthesia had to be
arthroplasty for it resulted in
and, as Henrik and Philip

awardees) had pointed out,
effective regional anesthesia.

In 1986, I made a number of changes to the care of patients
having joint replacements. We replaced general anesthesia with
epidural or spinal anesthesia, improved postoperative care, utilized
hemodynamic monitoring more frequently, and introduced hypo-
tensive anesthesia for THA.

By 1992, we had 5 years of experience (1987-1991) to com-
pare with prior years (1981-1985 inclusive), so we examined all-
cause in-hospital mortality for the 2 periods. We excluded 1986 as

this was a transition year. Fractured hips and [fotal hip) for mietasta-
tic were so we studied only elective THA and

In addition, we collected a randomized sample of 100 THAs
and 100 TKAs from each time period to assess patients' profiles,
anesthetic practice, and perioperative care in the 2 time periods.'?

The limitations of the study are that it was not randomized,
was performed at a single institution, and it was retrospective.
However, this is a natural experiment with a hard outcome (death),
assessing a large cohort of patients (approximately 15,000), and
there were significant differences between groups.

First, there was an almost complete conversion from general
to epidural anesthesia (Fig. 1) within 12 months. This resulted in a

(©136% to

P =0.03) and for to P =0.01). The
overall mortality in the 2 groups was 23 of 5874 patients in
1981-1985 compared with 10 of 9685 patients in 1987-1991

(0.39% to 0.1%, P =0.0003).
The role for FEgioNAl ANESHHESA is FROSE EOMBEINRE in pa-

(prior Gaston Labat
with

tients undergoing [TKA for several reasons. The surgery remained

much the same, the perioperative fluids were similar, and the
change from general to epidural (Fig. 1) was almost complete.

The differences between the THA cohorts in the 2 time periods

are a little more complex. The intraoperative fluid Ww in

was

1981-1985 compared with [1563in 1987-1991. The

100
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FIGURE 1. The percentage of patients who received general,
epidural, or spinal for TKA at the HSS from 1984 to 1988.
Reprinted with permission from Sharrock et al.'*

1984 1985 1988
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.mL compared with. mL, respectively. The use of iypotens

One other observation was noted in this study; there was a
E) in the 1987-1991
time frame. There were 7 deaths of 5874 patients in 1981-1985
compared with 2 of 9685 in 1987-1991 (P = 0.02). This was
the first study to demonstrate the effect of epidural anesthesia on
fatal PE.

Fast forward 20 years to 2013. Memtsoudis et al'> published
data from a national database verifying a
ompared with neuraxial anesthesia
for total joint arthroplasty. It is my view that this difference may be
even greater (closer to 4-fold) if optimal regional anesthesia is
used. Nowadays, neuraxial block is considered the optimal care
in many countries, especially those with national health care sys-
tems, and it is widely recognized as the method of choice in the
orthopedic community.'®

Convention 3: following total joint ar-
throplasty should be managed with potent This
approach [bégaf in[1970 and gained momentum with the
[iiotl of low-molecular-weight heparin (EMWH) in the [1980s. The
known adverse effect of these agents was the ever present risk of
postoperative bleeding.

In 1986, when I arrived at HSS, the following was recog-
nized. In the 1960s, the following THA was 1%,

falling to The [fféatment was

using either

[feliant on postoperative potent
warfarin or LMWH. It was also known that epidural or spinal an-

esthetic somewhat lowered the rate of DVT. Nevertheless, the

rate of proXimal DYAin THANESISH 20% 10 /30%. Finally
there was some evidence that DVT began during, rather than
following, surgery.'”

This posed the question: If DVT forms during surgery, could
anesthesiologists impact thromboembolism? Furthermore, if an-
esthesiologist could lower the rate of DVT, it may be sufficient
to enable the use of less powerful anticoagulants, thereby reducing
the risk of postoperative bleeding.

In 1986, the setting at HSS was conducive to studying this is-
sue. Approximately a thousand THAs were performed annually,
and all patients had operative limb venography on
[days 5710 7 as part of their standard care. This provided a setting
to study DVT in a large cohort of patients.

The first question to study was: Could intraoperative inter-
ventions lower DVT rates? To address this, we elected to study

intraoperative intravenous unfractionated heparin on DVT rates.
We chose a dose of 1000 U/l based on conversations with Peter
Harpel, a research hematologist. We performed a double-blind
randomized trial of intravenous unfractionated heparin compared
with saline on rates of DVT. The heparin was given intravenously
as a dose o with doses o
o the of heparin.
One hundred twenty-six patients received Venograms and were

included in the analysis. in the
[salifig group compared with . in the - group (P = 0.03).
The [proximal rates werd!9% and 2%, respectively. This proved the
concept that an intraoperative intervention such as intraoperative

heparin could lower DVT rate. It also showed that the

rate
of 29 W BEpAFTINVAS OnEEAhe EXPECiEd atc o tha time.

The next question was: Can epidural anesthesia also influence
DVT rate with [TKA] performed Under {oUmiquet as well as THA?
To study this, we utilized the natural experiment occurring at HSS
during the transition from general to epidural anesthesia (Fig. 1).
We performed a retrospective review of all cases from September
1984 until December 1988, excluding the few cases performed
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under spinal anesthesia.
and had either or anesthesia.

Five hundred forty-one patients were included: 264 received
general, and 277 received epidural anesthesia. The overall DV

rate was [64% with and ith Epidural (P < 0.0001).
This represents However, the proximal
2-fold difference (9%

[DVT rate was more impressive, a

vs 98

P <0.05). This demonstrated that DVT rate was lower with epidu-
ral in TKA, but the impact was

The next question was: What modifiable factors contributed
to DVT during THA? To study this, we studied a cohort of 441
consecutive patients performed by a single surgeon. Three hun-

dred eighty-one had operative limb venography successfully per-
formed. were assessed: of and
whether were 1139y an

- or crystalloids alone during surgery.

Both the of surgery and the
intravenous infusions both rates

and |proximal DVT|fafes. The difference is clinically most significant
with proximal DVT rates (Fig. 2). The [proximal DV rate with St~
between groups Vs

, the

was
%). By contrast, if surgery lasted

was [1318%] and 3%/in the crystalloid and LDE groups, respectively.
The 3% rate with LDE was a [fraction of the €Xpected fate at the

time, whereas [I313%] was to the rate.

This raised the question‘ was- acting to re-
duce DVT rate—especially proximal DVT rate? We wondered
whether this was due to an effect on fibrinolysis or blood flow. To
study this, we randomized 30 patients undergoing THA to receive
i infusion during surgery.”° Mean arterial
blood pressure was maintained at50 mm Hg in|66tH groups.

[Fibrinolyfic activity was Similar in both groups, so this was
not the mechanism. By contrast, there were significant differences

in [cardiacToutput between groups. [Cardiad index was
with EDE but was féduced 30% with [phenylephring (P < 0.001).

Our conclusion was that LDE was reducing DVT rate by increasing

n
T

-
a
1

M Crystalloids
W Epinephrine

Rate of Deep Vein Thrombosis (%)
a 8

o
|

71 or More
Minutes

70 or Less

FIGURE 2. The proximal DVT rate in patients receiving crystalloid
alone or low-dose epinephrine infusions. Patients are subdivided
further according to surgical duration of less than or longer than
70 minutes. Similar rates of proximal DVT are seen in patients
receiving low-dose epinephrine irrespective of surgical duration,
whereas higher rates are observed in patients receiving crystalloid
alone when surgery lasted longer than 70 minutes. Reprinted
with permission from Sharrock et al."®
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blood flow and so we chose to study this:
Could LDE infusion increase lower-extremity deep venous blood
flow during surgery to account for the low DVT rate?

To examine this, we performed a complex crossover study
design in patients undergoing THA. We

infusions of both
each). [Epidural anesthesia was then induced and maintained
af50'mm Hg using both LDE and NE. The order of infusing LDE

or NE was randomized.?!

was with NE. By contrast, [calf
with both before and after the epidural.
increased from at

to th infusion during

epidural anesthesia, a despite a MAPGF 50 mm Hg|
This suggested that during surgery may
be a ety inportant factor in reducing DV, cspecially during
longer cases.

The next issue to study was: Exactly When during surgery are

-beginning to -—is it throughout surgery or during spe-
cific phases? The work o et al== demonstrated that during
surgery on the femur, the and that this
period of ol VEROUS ocelusion may be the mOSEIMPOFANI

[factor) To define the timing of clot formation, we studied markers
of thrombogenesis during different phases of surgery.

When thrombin is formed, it acts on fibrinogen to form fi-
brin. In the process, a Cléavage product, fibrinopeptide’Al (FPA),
is formed. Fibrinopeptide A has a so it
can define the fiifg and magnitude o In a series
of studies, we measured FPA and other markers of thrombogenesis
during different phases of surgery, for which we received the John
Charnley Award from the American Hip Society.>> This study dem-
onstrated that there was [fifimal activation of thrombosis during

the fSHHASE of surgery including THSEFON of the AGCEBIA Gom-
[pohent. During SUEBEIS on the femus. there was a profound inereass
in thrombogenesis, which [following surgery.
The effect of a administered following
[insextion of the acetabulum prior to surgery on the fémur was then
studied. Using a blinded randomized trial, we assessed 3 groups: a
placebo (saline) and 2 doses of intravenous heparin, that is, 10 and
20 U/kg, groups, following insertion of the acetabular compo-
nent.>* As can be seen in Figure 3, there is no increase in FPA fol-
lowing insertion of the acetabulum. Fibrinopeptide A increased
markedly in the placebo group during surgery on the femur
(P <0.0001) and decreased 30 minutes following surgery. FHepasy

the response, so we
considered the -

was [0f inéreased by this single|dose of intravenous heparin.

The natural question was: How effective would this single
injection be in a large cohort of patients on PE, bleeding compli-
cations, and other clinical outcomes? We prospectively studied
a cohort of 1947 patients having [THA! performed by 2 surgeons

and a single anesthesiologist (N.E.S.) who had [I50U/KgT6f

All patients were followed up at
3 months. There were 12 patients with clinical evidence of PE|

(O%. There verc ORIEASOMTPE. The (NSHISION rotc was
[6%, the periprosthetic [infection rate was 011%, and there were

no strokes. One patient died (0.05%). This verified the Safety

and clinical [EfECHiVEnEss of this

technique.
of the patients received aSpifin the remainder

received warfarin.
R i also mpoMA o

blood

Improving blood flow following st
We studied the effect of different types o
devices, which demonstrated they
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125+
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|
o 254
[

0

1 2 3
Sample
FIGURE 3. Blood levels of [FPA during hybrid total hip replacement.
Note the increase in FPA in the saline group and the
groups during
of the Values are mean + SD. *P = 0.0001
compared with 10 and 20 U/kg. Reprinted with permission from

Sharrock et al.>*

venous blood 26 Interestingly, blood-
was by active exercises,
which are now routinely| recommended.
These studies lead to the concept of
27.28 1t is based on enhanced deep venous blood flow
in the legs during and following surgery. Periods of femoral ve-
nous occlusion are minimized during femoral implantation, and
selective intravenous heparinization is used prior to femoral implan-

tation. These maneuvers decrease the risk of DVT so that
325 me twice daily can be the only chemical

agent. This approach is less expensive and safer and may be more
[effective than potent anticoagulants.

To study this issue, we performed a systematic review com-
arin,

-
W=

etc).”” All case series were followed for at
least 6 weeks, and all-cause mortality and clinical PE were re-

corded. All-cause 1war- with [mal-
[fimodal prophylaxis v P =0.01). Likewise,
was [[ower using multimodal DVT prophylaxis.
% vs 0.35%, P = 0.02).
The next year, 2009, the /Afierican| of Orthopae-
dic Surgeons Recommendations on Thromboprophylaxis was
published advocating aspiin as an ideal agent in

cases.”®>! One of the authors of this publication recently e-mailed

us in November 2016 to say that at a
ather than powerful

anticoagulants, up from 62% the prior year. He jested that it
may be 100% next year (personal communication [e-mail] from
Javad Parvizi, MD, November 13, 2016).

This has been a cooperative endeavor with input from multi-

ple specialties—epidemiology, hematology, cardiology, orthope-
dics, statistics, and anesthesiology. “
and won.

The finl [BOAVEHOR to be GHAIISAEEA wos: DSMORIOWEE

The pressure to challenge this

© 2017 American Society of Regional Anesthesia and Pain Medicine

convention was due to the setting at HSS in The

was approximately 50% to 80% were
transfused, and many developed acute respiratory distress syn-
drome following surgery from fluid overload.
What was in [1986] was that iypotensivel
could Feduce| but was advocated only for young healthy
patients—not the elderly vasculopathic patients undergoing THA.
In addition, it was known that

The question
was: Could it be possible to safely combine the benefits of hypo-
tension and epidural anesthesia for this €lderly high-risk cohort
of patients? The aim was to develop a technique combining both
the benefits of hypotension and epidural anesthesia mainly to lower
blood loss and lower DVT/PE rate.

Our first study in 1986 was an observational cohort with pa-

tients awake to [@SS€SS [CogRItiVe function. Patients also had a V3
electrocardiogam fead and pulmonary arery catheters o asscs

cardiac ischemia and performance. The inclusion criteria were
1-stage bilateral THA, complex revision THA, or unilateral THA
in patients.>

We blood alone to support
blood pressure, but this resulted in a We

infused différent VasOpressors: isoproterenol, dopamine, [ephed-
ffine, NE, and phenylephrine. These agents caused either [fachycar-
dia or lowcardiac outputs with to 60 mm Hg and were

difficult to manage. Finally, we studied by early 1987, and a
case series was published in 1990.3% It demonstrated that at

(CI), and when
patients developed of
namely, nausea, Jawning, and lightheadedness, often with brady-

cardia. With [EDE, (Cl incréased in a fashion. Sim-
ilar observation had been made by John et al*® (the first

Gaston Labat awardee) 20 years earlier.

What is FEAY I is an iSRSV neUFAIBIOCKAGE T BEEY

The of LDE include of

[arge and vessels, an augmentation of sys-
tolic function effect), and (lusitropic

effect). Epinephrine in [6W physiological doses is ldesigned to [in|
easeGardias oupuf and EedSBUTEblood flo o the brain, et
and skeletal muscle.

We have studied the physiological effects of HEA in a num-
ber of studies—first by comparing LDE with phenylephrine.*

[E6W-dose [epinephrine is associated with a
Stroke vol-

ume is increased by By contrast, is associated

with a in|CL heart faf€, and pulmonary (filling)
As mentioned earlier, we demonstrated an
of blood - with 2! Studies of renal function were

conducted demonstrating a of [lénal blood [fI6W but
a in
‘We have performed a number of cohort studies verifying the

those with
Studies of’ have been performed as it was
assumed that if cerebral blood flow were diminished, evidence
of ischemia would be apparent on cognitive function testing. In
a large randomized trial of 2 blood pressure groups of
versus there was fig of

in in the hypotensive group.”” Subse-

quently, we assessed short-term changes in cognitive function by

repeatedly measuring th” (preoperatively and
There was H i

of - in BIdexly] patients with and
diseaseI © iatients with insufficiency,”” and
38

1 and 2 hours following surgery). in
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cognitive function from the preoperative value when the lowest re-
corded MIAPS were in the range.

The other test of safety of the technique in brain function is
to We performed an observational
study of cerebral blood flow velocity (CBFV) during HEA on a
cohort of 52 patients.*! Mean arterial blood pressure was main-
tained at 50 mm Hg throughout.
and was [preserved at To determine
whether there was a blood pressure at which mean CBFV began
to decline, mean CBFV was plotted against MAP. There was i

with MAP
Fig. 4).

The final safety question is: What is the fafe’of stroke with
[HEA? Conventional wisdom is that it would be increased, but
our research suggests that it @y ot be. As the thrombogenic risk
is reduced on the venous side, perhaps it is also reduced on the ar-
terial side of the circulatory system. We had the opportunity to as-
sess the in-hospital rate of stroke following total joint arthroplasty
as part of a surveillance of inpatient strokes at HSS. All patients
who had symptoms of stroke had computed tomography scans +
magnetic resonance imaging to characterize the stroke. All in-
hospital patients who had THA and TKA with evidence of stroke
on magnetic resonance imaging or computed tomography scan
were included. We then Compared the Fates of both [THA! and
[TRA with rates fro conducted during
the same time period. ™"~ At HSS, is used in but.in
We assume HEA was not used elsewhere in the United
States in hips. The results are shown in Figure 5.

The is at HSS
than elsewhere, but the at HSS is

of the Hational rate. Furthermore, in a follow-up of
4060 of my (N.E.S.) patients, none have had a stroke, whereag[6

would have been €Xpected assuming the fafional'average. These
t HEA is associated with less risk of thrombo-

data suggest thai

Thus, in summary, what are the of ? They fall
into 2 categories: and Ina

less blood loss
carefully conducted study o during we random-
ized 40 patients to have a or 55 to

5

£ 00015

(=]

H

£

£

§ 000101 p =0.0002 p= 0.0SE

a

(=4

2

&

K

§ 0.00051

; -

2

2

o

National National
HSS Database HsS D:ta:::e
HIP KNEE

FIGURE 5. The proportion of patients with stroke following total hip
and knee arthroplasty from national databases and HSS studies. At
HSS, rates of stroke are slightly lower for total knee (P = 0.05) but
one-third of the national database rate for total hips (P = 0.0002).

in the .
and 263 mL in the group,
a[30% increase in blood loss with only a 10-mm Hg increase in

pressure. With the Strgeons bliided to the pressure, they were

which pressure group the patients were
in. Surgeons appreciate a diy surgical [field.

Second, The low rate of DVT, espe-
cially has been well documented with venographic
studies. The [low rate of StfoKe| suggests that there is also [I€s8 risk
of teal
The whole discussion of lowering blood pressure during sur-
gery on the supine position may be best represented by a quote
fro ‘

65 mm Hg during surgery.**

>

Thank you.

90 y =-0.0423
R?=0.0029
80 T p =044
* e ..
70
) i * i N
7] . $ - -
w - 0. .
E B el e -
— b * . ¥
> 50 oA CHP L A
& T Doa - x5
(l.-:) 40 "‘;::.‘: TRy e ‘ ¢ +e =
© Ty W
[ . FRae . .
" . * et L S + =
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FIGURE 4. SGalfEr pIoTO thelowWeStnean CBFV/obSeiVed 1 helS 2patientsat any/ o1 3 HEATRIENVAI plotted against the smulancous

MAP. Reprinted with permission from Bombardieri et al.
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