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Case report

Abstract
From August through to October 2016, the amphibious assault ship USS WASP LHD  1 and embarked elements of the 22nd Marine 
Expeditionary Unit (MEU) were forward deployed in support of amphibious combat operations. The embarked medical assets included 
a fleet surgical team (FST) which included a general surgeon and an anaesthesia provider with expertise in regional anaesthesia (RA), 
including peripheral nerve blocks (PNBs). Here we report a case series demonstrating the safe and effective use of PNBs aboard USS 
WASP during the above-noted deployment. RA, and PNBs in particular, can play an important role in maritime expeditionary surgery and 
likely across the entire spectrum of high threat and austere environments.
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Introduction
Peripheral nerve blocks (PNBs) in regional anaesthesia (RA) 
have evolved since their first clinical application in the early 
20th century and today constitute an indispensable part of the 
practice of anaesthesia1,2. A PNB can be defined as the placement 
of a local anaesthetic agent adjacent to a sensory nerve or 
group of nerves, in order to provide analgesia to the associated 
anatomic region(s) of the body. When used as an adjunct to 
general anaesthesia (GA), a PNB can reduce the requirement for 
systemic anaesthesia and improve postoperative pain control. 
When used in place of GA, a PNB essentially eliminates the 
systemic effects of anaesthesia and obviates the need for airway 
manipulation.

Beyond the walls of the operating room, PNBs have demonstrated 
efficacy in the emergency department, on the battlefield, and in 
the wake of natural disasters3–9. In a comparison of PNBs and 
GA in the management of civilian upper extremity trauma, 
O’Donnell and colleagues demonstrated the superiority of PNBs 
with respect to pain control, opioid consumption, and length of 
hospital stay6. Buckenmaier and colleagues, in reports published 
in 2009 and 2012, highlighted the utility of PNBs for the 
reduction of pain and anxiety among soldiers injured in Iraq and 

Afghanistan3,4. In austere environments, where operations must 
be performed with minimal power, equipment and personnel, 
the benefits of PNBs are especially noteworthy. Such was 
demonstrated by Missair and colleagues who responded to 
the 2010 earthquake in Haiti, and by Pang and colleagues who 
responded to the 2009 earthquake in Sumatra5,7. Between their 
two groups, over 550 extremity PNBs were performed with no 
appreciable anaesthesia-related morbidity.

From August through to October 2016, the amphibious assault 
ship USS WASP LHD 1 and embarked elements of the 22nd Marine 
Expeditionary Unit (MEU) were forward deployed in support 
of amphibious combat operations. The total complement of 
personnel afloat numbered approximately 2,500, including 
sailors, marines, and navy and marine corps aviators. Most were 
between the ages of 18 and 30, and all had been pre-screened 
for major medical conditions. The ship’s medical department 
was augmented by a fleet surgical team (FST) which included 
one general surgeon, one certified registered nurse anaesthetist, 
one emergency medicine physician, and one family medicine 
physician.

Here we report a case series demonstrating the safe and effective 
use of PNBs in the maritime expeditionary environment.
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Cases
Transversus abdominis plane (TAP) block

The transversus abdominis plane (TAP) block is a procedure 
in which local anaesthetic is injected into the anterolateral 
abdominal wall, providing analgesia to the periumbilical and 
lower abdominal regions. Our shipboard technique involves the 
use of a SonoSite M-Turbo ultrasound system (FUJIFILM SonoSite, 
Bothell, WA), fitted with a 10-5 MHz linear transducer to identify 
the external oblique (EO), internal oblique (IO) and transversus 
abdominis (TA) muscles at the intersection of the transverse 
plane of the umbilicus and the sagittal plane of the anterior 
axillary line (Figures 1A & 1B).

A 20  G  x  4 in Stimuplex Ultra echogenic needle (B.  Braun 
Medical, Bethlehem, PA) is advanced under continuous 
ultrasound visualisation into the coronal plane between the IO 
and TA muscles (Figures  1B  &  1C). After aspirating to confirm 
extravascular needle placement, 10mL of 0.5% Bupivacaine is 
injected. If the operative plan requires bilateral analgesia, the 
procedure is repeated on the contralateral side.

We used a preoperative TAP block in the case of a 22-year-old 
male marine who underwent an open appendectomy under 
GA for acute, gangrenous, retrocecal appendicitis. The patient’s 
postoperative opioid requirement was 5mg of oral Oxycodone 
in total, and he returned to full duty within 1 week.

The oblique subcostal TAP (OSTAP) block is a variant of the 
TAP block in which the area of analgesia includes the upper 
abdomen. In our practice, 10mL of 0.5% Bupivacaine is injected 
by hydro-dissection into the plane between the IO and TA 
muscles, along a line from the intersection of the transverse plane 
of the inferior costal margin and the sagittal plane of the lateral 
rectus sheath toward the anterior iliac crest (Figures 1D, 1E & 1F). 
If bilateral analgesia is required, the procedure is repeated on the 
contralateral side.

We used a postoperative, bilateral OSTAP block in the case of a 
37-year-old female sailor who presented with severe pain in the 
right iliac fossa, signs of peritonitis, and leukocytosis. Diagnostic 
laparoscopy disclosed thin, rust-coloured fluid above the left 
lobe of the liver, in the right pericolic gutter, and in the pelvis, 
and subsequent exploratory laparotomy revealed the cause to 
be a ruptured right ovarian cyst. The patient’s postoperative 
opioid requirement was 18mg of intravenous (IV) morphine 
over the first 24 hours and 12mg of IV morphine over the next 
24 hours. The patient’s preoperative ileus resolved over the first 
postoperative day (POD), she was advanced to a regular diet on 
POD 2, and she was discharged from the inpatient unit on POD 4. 
She returned to limited duty after 2 weeks and to full duty within 
4 weeks.

Supraclavicular (SC) brachial plexus (BP) block

The supraclavicular (SC) brachial plexus (BP) block is a procedure 
in which local anaesthetic is injected around the SC BP, providing 
analgesia to the upper extremity distal to the shoulder. Our 
technique involves the use of the above-described ultrasound 
and transducer set-up to identify the BP, subclavian artery 
(SCA), and parietal pleura (PP) (Figures 1G & 1H). A 22 G x 2 in 
Stimuplex Ultra echogenic needle is advanced under continuous 
ultrasound visualisation into the plane superior to the BP 
(Figures 1H & 1I). After aspirating to confirm extravascular needle 
placement, two 5mL aliquots of 0.5% Bupivacaine are injected, 
with repeat aspiration between aliquots. The needle is then 
re-positioned into the plane inferior to the BP, and the injection 
is repeated.

We used a preoperative SC block in the case of a 26-year-old 
male marine who presented with a large complex abscess 
involving the extensor surface of the right upper extremity. 
He underwent drainage, debridement and irrigation of the 
abscess cavity through three separate incisions, requiring no 
perioperative sedation or opioid pain medication.

Distal extremity block

A wrist block is a procedure in which local anaesthetic is injected 
around one or more of the radial, median and ulnar nerves at the 
level of the wrist, providing analgesia to the corresponding sensory 
region(s) of the hand. Our technique involves the use of palpable 
landmarks and the 20 G x 4 in Stimuplex Ultra needle to inject 5mL 
of 0.5% Bupivacaine around each of the required nerves.

We used a radial nerve block to reduce a right thumb 
carpometacarpal traumatic dislocation in the case of a 20-year-
old male marine. We also used a combined radial and median 
nerve block to reduce a displaced right thumb basal metacarpal 
fracture in the case of another 20-year-old male marine. 
Neither patient required periprocedural sedation or opioid pain 
medication.

An ankle block is a related procedure in which local anaesthetic 
in injected around one or more of the tibial, superficial peroneal, 
deep peroneal, saphenous and sural nerves at the level of 
the ankle, providing analgesia to the corresponding sensory 
region(s) of the foot. Our technique involves the use of palpable 
landmarks and the 20 G x 4 in Stimuplex Ultra needle to inject 
5mL of 0.5% Bupivacaine – 3mL in the case of the deep peroneal 
nerve – around each of the required nerves.

We used a preoperative ankle block in the case of a 35-year-
old male sailor who presented with a chronic complex abscess 
involving the lateral right forefoot, and underwent drainage, 
debridement and irrigation of the abscess cavity through two 
separate incisions. The patient did require mild sedation at the 
start of the operation, but his postoperative opioid requirement 
was negligible.
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Figure 1.

A: Surface anatomy of the TAP block. The dashed lines indicate 

the transverse plane of the umbilicus and the sagittal plane of the 

anterior axillary line 

B: Ultrasound view of the EO, IO and TA muscles. The arrow 

indicates the direction of needle advancement into the plane 

between the IO and TA muscles 

C: Surface orientation of the transducer and needle 

D: Surface anatomy of the OSTAP block. The dashed lines indicate 

the transverse plane of the inferior costal margin and the sagittal 

plane of the lateral rectus sheath 

E: Ultrasound view of the IO, TA and rectus abdominis (RA) muscles. 
The arrow indicates the direction of needle advancement into the 
plane between the IO and TA muscles 
F: Surface orientation of the transducer and needle 
G: Surface anatomy of the SC BP block. The dashed lines 
indicate the superior border of the clavicle, lateral border of the 
sternocleidomastoid muscle, and superolateral border of the 
trapezius muscle 
H: Ultrasound view of the BP, SCA and PP. The BP (circled) appears 
as a ‘honeycomb’. The arrows indicate the direction of needle 
advancement into the planes superior and inferior to the BP. 
I: Surface orientation of the transducer and needle
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Discussion
For health service support (HSS) in the operational environment, 
the United States military maintains a tiered system of medical 
and surgical care, the goal of which is to keep resuscitative and 
stabilising care at or near the point of injury10. ROLE  1 care is 
commonly known as first-responder/buddy aid. Casualties are 
either treated and returned to duty or stabilised and prepared for 
medical evacuation (MEDEVAC) to a higher level of care. ROLE 2 
care includes forward resuscitative surgery and associated 
capabilities, such as the transfusion of blood and blood products. 
ROLE  3 care occurs in theatre-based hospitals configured with 
both the medical and surgical resources to support theatre 
combat operations. ROLE  4 and ROLE  5 facilities are large 
overseas and continental United States (CONUS) hospitals and 
medical centres capable of providing definitive and rehabilitative 
care.

The cases presented in this series are compiled from our 
experience aboard a maritime ROLE 2 platform where, compared 
to the land-based ROLE  2 environment, a number of specific 
challenges arise. The first is the relative complexity of resupply 
at sea, which is affected by weather, sea state, operational 
tempo, and the availability of resupply ships. Due to irregular 
resupply, medical and surgical care at any given time is limited 
by the availability of materials on board, and those materials can 
be exhausted quickly by multiple patients or by even a single 
critically ill patient if timely MEDEVAC is not available. The second 
is the relative complexity of using rotary-wing aircraft with limited 
range and launched from a single flight deck to support combat 
operations, personnel movement and MEDEVAC, again taking 
weather, sea state, operational tempo, and crew availability 
into account. The third specific challenge has to do with the 
environment itself. A naval vessel is an inherently dangerous 
industrial setting, which contains occupational hazards such as 
loud noise, heavy machinery and toxic chemicals. The overall 
goal of medical and surgical care in the maritime ROLE  2 
environment, therefore, is to provide safe and high quality care 
with minimal resources, minimal personnel, minimal complexity, 
and minimal need for MEDEVAC. The use of PNBs as an adjunct 
to or in place of GA can help to accomplish that end.

We made safe and effective use of PNBs across a variety of 
clinical scenarios. In a case of appendectomy through a right 
lower quadrant incision, we used a preoperative TAP block to 
virtually eliminate the need for postoperative opioid analgesia. 
In a case of exploratory laparotomy through a vertical midline 
incision, we used a bilateral OSTAP block to minimise the 
patient’s postoperative opioid requirement. And, in several cases 
of extremity infection or trauma, we used PNBs to reduce or 
eliminate the need for periprocedural sedation and/or opioid 
pain medication. No patient experienced an anaesthesia-related 
complication. Each patient recovered uneventfully aboard the 
ship.

Several requirements must be met for PNBs to be employed safely 
in the ROLE 2 environment. The first requirement is an anaesthesia 
provider with the appropriate level of knowledge and training. 
Importantly, however, the knowledge and skills necessary to 
perform PNBs safely can be taught to other members of the 
medical and surgical team, broadening the applicability of PNBs 
across the spectrum of high threat and austere environments. 
The second requirement is a space with (1)  the necessary 
equipment, including oxygen, electrocardiographic monitoring 
equipment and an ultrasound machine and (2)  the necessary 
rescue equipment, including cardiopulmonary resuscitation 
equipment, intubation equipment and intralipid. The third 
requirement is appropriate patient selection, which is based 
upon a risk–benefit analysis accounting for the patient’s physical 
and medical status, the patient’s comorbid conditions, the 
surgical procedure to be performed, and the patient’s history of 
opioid use.

The benefits of PNBs have been well described, but there are still 
a number of potential complications to consider. The specific risks 
vary on the basis of the particular block being performed, but 
common to them all are the risks of infection, local anaesthetic 
toxicity, bleeding and neurological injury11. Fortunately, many of 
those risks can be minimised with appropriate patient selection 
and by the use of appropriate technique11. Nevertheless, some 
complications, such as neurologic injury, can be more difficult 
to avoid. A meta-analysis of 32 PNB studies covering a 10-year 
period reported a neurologic event rate of 3%12. Most of the 
events reported were transient and resolved within 3  months, 
and there was only one case of permanent neuropathy noted. 
Moreover, routine use of ultrasound guidance has been shown 
to decrease both the dose of anaesthetic necessary and the 
number of attempts required to achieve a successful block13.

Other modes of anaesthesia merit discussion in the context of 
PNBs, among them IV local anaesthesia and local anaesthetic 
wound infiltration14,15. IV local anaesthesia, known eponymously 
as a Bier block, involves the injection of a local anaesthetic 
agent into the superficial venous circulation of an extremity, 
following exsanguination of the extremity and application of 
an inflow (i.e., arterial) tourniquet. One advantage of IV local 
anaesthesia compared to a PNB is the creation of a bloodless 
operative field, though the disadvantages include risks of 
systemic toxicity, extremity compartment syndrome, superficial 
venous thrombosis/thrombophlebitis, deep venous thrombosis, 
arterial thrombosis, and pain at the site of the tourniquet. In 
the setting of non-penetrating trauma, when the degree of 
subcutaneous injury might extend beyond the visible wound, 
the potential complications of IV local anaesthesia are especially 
relevant. Local anaesthetic wound infiltration, which includes 
both single infiltration and continuous infiltration through a 
catheter or catheters placed in or around a surgical wound, 
has a broad spectrum of potential applications, particularly 
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in postoperative analgesia. Despite potential complications 
including local anaesthetic toxicity, wound infection, haematoma 
and catheter dislodgement in the case of continuous infiltration, 
the technique is a useful multi-modal adjunct in the resource-
limited environment.

The fundamental goal of expeditionary military medicine is 
to provide safe and high-quality medical and surgical care on 
the front lines of armed conflict. PNBs represent a particularly 
valuable asset in the maritime expeditionary environment 
because they allow for surgery to be performed with minimal 
intra-operative and postoperative monitoring and minimal 
controlled medications, and they have the potential to simplify 
MEDEVAC operations in cases where the use of systemic analgesia 
and/or the need for airway manipulation can be reduced or 
avoided. Though the preceding case series was compiled from 
specific experience in the maritime environment, it nevertheless 
demonstrates the utility of PNBs across the spectrum of austere 
environments, where medical and surgical care is constrained by 
the availability of resources and personnel.
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