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Unusual clinical course

Difficult tracheal intubation (DTI) is common in patients with rheumatoid arthritis (RA) because of the sub-
luxation of atlas and axis, the fusion of the cervical spine as a result of arthritis. We report a case of negative-
pressure pulmonary edema (NPPE) caused by DTl in a patient with juvenile RA (JRA) who underwent surgery
for spigelian hernia.

A 35-year-old man was referred to our department for repeated abdominal pain and a left-lower quadrant
mass. Spigelian hernia was diagnosed with abdominal computed tomography (CT), and surgery was sched-
uled. Despite careful preoperative preparation and intubation strategy, fiber-optic intubation and laryngeal
mask ventilation failed; nasal fiber-optic tracheal intubation was subsequently successfully performed. During
induction, upper airway obstruction caused NPPE. CT findings showed bilateral infiltration and diffuse ground-
glass opacity suggestive of pulmonary edema. Surgery for the spigelian hernia was canceled as the patient re-
quired intensive care as a result of NPPE. After 48 h of initiating treatment, the patient’s respiratory condition
gradually improved. Seven days after DTI, he underwent laparoscopy-assisted surgery for the spigelian hernia.
The patient was discharged after 2 weeks of hospitalization. Four years have passed since the surgical proce-
dure; the outcome has remained favorable and there has been no recurrence.

Normal ventilation may be the most important factor for preventing NPPE. It is vital that patients with RA re-
ceive treatment in an environment with advanced airway equipment and staff fully trained in its use. Similarly,
the necessary staff and equipment for emergency cricothyroidotomies should also be readily available.

Airway Management ¢ Hernia, Abdominal ¢ Pulmonary Edema ¢
Rheumatoid Arthritis, Systemic Juvenile
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Background

Difficult tracheal intubation (DTI) is common in patients with
juvenile rheumatoid arthritis (JRA) because of the sublux-
ation of the atlas and axis, the fusion of the cervical spine as
a result of arthritis, glottis stenosis caused by inflammation
of the cricoarytenoid cartilage, and a defect in the palate [1].
Spigelian hernia, which accounts for less than 2% of all her-
nias, is a spontaneous abdominal hernia caused by a defect
in the spigelian fascia [2], which is located between the semi-
lunar line and the lateral edge of the rectus abdominis mus-
cle. However, spigelian hernia in association with JRA has not
been previously reported. Also, negative-pressure pulmonary
edema (NPPE), recognized as a serious consequence of se-
vere hypoxia, is rare. NPPE is caused by forceful inspiration
against the upper airway obstruction, which causes significant
negative-pressure on the lung and results in pulmonary ede-
ma [3]. We herein report a case of NPPE that resulted from
DTI in a patient with JRA who underwent surgery for spige-
lian hernia. This case report was reviewed and approved by
the Ethics Committee of Kurume University School of Medicine
(no. 2021-033). Written informed consent for publication was
obtained from the patient.

Case Report

A 35-year-old man (height, 110 cm; weight, 19.5 kg) present-
ed with a 6-year history of abdominal pain and a left-lower
quadrant mass and was referred to our department because
his symptoms became frequent. JRA was diagnosed when he
was 2 years old, and he used a wheelchair because of the de-
formity of his limbs. Clinical examination revealed a mass of
approximately 5x5 cm in the left lower abdomen. Abdominal
wall ultrasonography showed a mass with mixed echoic sig-
nals under the muscle layer of the left lower abdominal wall.
Abdominal contrast medium-enhanced computed tomography
(CT) revealed that the mass had low signal attenuation, which
suggested that mesenteric fat was present between the thin
ventral muscles in the left lower abdominal wall. Therefore,
spigelian hernia was diagnosed (Figure 1).

The patient had never had an operation or intubation before
presenting to our department. He had a short neck with very
limited movement. The maximum opening of his mouth was
3 cm in interincisional distance. The patient belonged to class
Il of the Mallampati classification because his soft palate, pos-
terior palatine arch, and partial uvula were visible (Figure 2).
When breathing spontaneously, the patient’s oxygen satura-
tion (Sp0,) level was 100%. Therefore, we expected that en-
dotracheal intubation would not be easy. After the hernia was
diagnosed, our team considered counseling this patient on
simple expectant management. However, the patient wanted
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to undergo surgery because of his symptoms. One week be-
fore the scheduled spigelian hernia surgery, we referred him
to an anesthesiologist. The patient’s spinal deformity was so
pronounced that he could not be positioned for spinal anes-
thesia, and he wanted a general anesthetic. The anesthesiol-
ogist considered that endotracheal intubation could be ac-
complished via fiber-optic bronchoscopy or laryngoscopy or
that endotracheal intubation could be performed while the
patient was awake.

On the day of the surgery, before administering 40 mg of pro-
pofol, the patient was administered oxygen for 5 min by an
anesthesiologist. With spontaneous breathing, his vital signs
were blood pressure 128/68 mmHg, heart rate 82 beats/min,
and Sp02 100%. The patient was ventilated using a bag valve
mask, and 12 mg of rocuronium was injected to relax the tra-
chea in preparation for intubation. At this point, the patient’s
ventilation abruptly failed. The patient had difficulty mov-
ing his jaw, and his airway became obstructed. Although i-gel
(Intersurgical Ltd, Wokingham, UK) was inserted to facilitate
ventilation, it was obstructed by the patient’s lockjaw, and ven-
tilation was not possible. An emergency call was made, and we
prepared for emergency surgical airway creation. Fiber-optic in-
tubation and the subsequent laryngeal mask ventilation were
attempted by 2 anesthesiologists for 5 min, but the attempts
were unsuccessful owing to high airway resistance. This led to
bradycardia (40 beats/min) and a drop in SpO, to 60%. Cardiac
massage was performed for 20 s, and the heart rate was re-
covered. The otolaryngologist prepared the emergency crico-
thyroidotomy. At the same time, 3 anesthesiologists advanced
a 6.5-F tracheal tube into the oral cavity through the right na-
sal passage using a fiberoptic bronchoscope. Nasotracheal in-
tubation was successfully achieved. After intubation, the bron-
choscope showed no airway abnormalities, such as stenosis or
obstruction. However, the patient’s SpO, was only 93% with
the fraction of inspired oxygen (FiO,) at 100%. NPPE was sus-
pected owing to the presence of pink-colored foamy bloody
secretion. Therefore, the surgical procedure for spigelian her-
nia was canceled. Thirty minutes after intubation, the patient
was transferred to the Intensive Care Unit.

A chest radiograph after intubation showed pulmonary edema
in both lobes and no cardiomegaly. The patient’s gastric dis-
tension and neck aerodermectasia were likely caused by in-
sufflation of the stomach in response to the attempted pos-
itive-pressure ventilation via face mask. A chest CT showed
bilateral infiltration and diffuse ground-glass opacity sugges-
tive of pulmonary edema (Figure 3). The patient’s postopera-
tive cardiac enzyme levels were tested, and an ultrasonic car-
diogram was performed. We diagnosed NPPE on the basis of
the CT findings, because the partial pressure of arterial oxygen
(Pa0,)/fraction of inspired oxygen (FiO,) ratio was <200 mmHg
(68.6 mmHg) and because the FiO, was <100%. The patient
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Figure 1. Abdominal contrast-enhanced computed tomography scan showing a spigelian hernia in a patient with juvenile
rheumatoid arthritis. (A, B) Abdominal contrast-enhanced computed tomography (CT) scan. Abdominal contrast medium-
enhanced CT revealed a mass of low signal attenuation, which suggested the presence of mesenteric fat between the thin

ventral muscles in the left-lower abdominal wall (red arrow).

Figure 2. (A, B) The patient’s neck was short and had very limited movement. The maximum mouth opening was 3 cm in

interincisional distance.

was administered sivelestat sodium hydrate (100 mg/day) and
furosemide (20 mg/day). After 48 h, his respiratory condition
showed gradual improvement. After 3 days from starting treat-
ment, the Pa0,/FiO, ratio and radiographic findings gradually
improved (Pa0,/Fi0, increased to >300 mmHg); he was then
weaned from mechanical ventilation. Blood gas sample anal-
ysis showed a pH of 7.52, partial pressure of oxygen (PO,) of
159 mmHg, and partial pressure of carbon dioxide (PCO,) of
31.7 mmHg. To avoid a further DTI, we planned to extubate
the patient after the spigelian hernia surgery.
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Seven days after the DTI, he underwent laparoscopy-assisted
surgery for the spigelian hernia. The hernia content was omen-
tum, and the defect size was 2.0x2.0 cm (Figure 4). Because of
the small size of the defect and in view of the comorbidity of
JRA, we performed a simple herniorrhaphy to avoid postoper-
ative surgical site infection. The perioperative course was un-
eventful, and the patient was extubated 4 days after the sur-
gery. The patient had been mechanically ventilated for a total
of 10 days. Blood gas sample analysis performed after extuba-
tion showed a pH of 7.47, PO, of 151 mmHg, and PCO, of 40.3
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Figure 3. Chest computed tomography scan of a patient with juvenile rheumatoid arthritis after difficult endotracheal intubation.
(A) Chest radiograph after intubation showed pulmonary edema in both lobes and no cardiomegaly. (B) Chest computed
tomography showed bilateral infiltration and diffuse ground-glass opacities, which were suggestive of pulmonary edema.

Figure 4. A spigelian hernia from a patient with juvenile rheumatoid arthritis. (A, B) The hernia content was omentum, and the

defect size was 2.0x2.0 cm.

mmHg. The patient was discharged after 2 weeks of hospital-
ization. In the 4 years since the surgical procedure, his out-
come has been favorable, without recurrence.

Discussion

Airway management for general anesthesia in patients with
RA can be challenging because of the anomalies of the tem-
poromandibular joint and cervical spine. In this case, the pa-
tient’s spinal deformity was so pronounced that he could not
be positioned for spinal anesthesia. Therefore, general anes-
thesia was chosen. The intubation techniques for these pa-
tients have been under debate. Video laryngoscopy and fiber-
optic bronchoscopy are reported to be significantly helpful in
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securing tracheal intubation in such patients [4]. Alternatively,
when a difficulty of airway securement is anticipated, endotra-
cheal intubation via fiber-optic bronchoscopy while the patient
is awake is considered the safest. On the other hand, Johnson
et al reported that the failure rate of first attempts at endotra-
cheal intubation via fiber-optic bronchoscopy is high (approx-
imately 53.3%), which means that sufficient skill and experi-
ence with tracheal intubation are necessary [5].

According to the Japanese Society of Anesthesiologists Airway
Management, other medical staff, including a senior anes-
thesiologist, should be prepared for DTl emergencies [6].
However, in practice, the timing of requesting support for a
DTI remains controversial because deciding immediately how
to respond in such an emergency is quite difficult for a single
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anesthesiologist. Several algorithms related to airway man-
agement difficulties have been developed. According to the
algorithms, if oxygenation cannot be maintained with face-
mask ventilation or supraglottic airway after general anesthe-
sia induction, anesthesiologists should prepare for the pos-
sible need for an emergency front-of-neck airway. However,
there should first be a final attempt at any untried approach
(face-mask ventilation, supraglottic airway, or tracheal intu-
bation) for ensuring neuromuscular blockade [7]. Therefore,
multiple anesthesiologists, as well as surgeons, must periop-
eratively share the patient’s clinical information and under-
stand the intubation strategy in case of DTl emergencies. Also,
the patient and the family should be informed that intuba-
tion can fail. Considering the possibility of a DTl emergency,
patient consent should be obtained from the patient for an
emergency cricothyroidotomy.

An analysis of closed civil cases involving anesthesiologists re-
ported by the Canadian Medical Protective Association showed
that 46 of the 406 cases analyzed (11%) were related to prob-
lems with airway management. The outcomes in the majori-
ty of these cases were severe, with death or permanent brain
damage in 31% of the 46 cases. Inadequate preoperative air-
way evaluation was the most common error (accounting for
59% of the cases) [8]. Our patient had a short neck with very
limited movement, and the maximum interincisional distance
with which he could open his mouth was 3 cm. Therefore, sur-
geons were able to anticipate DTI during the induction of anes-
thesia and referred the patient to an anesthesiologist 1 week
before surgery to ensure that proper preparations were made
and the most appropriate approaches selected.

Performing fiberoptic bronchoscopy or laryngoscopy while the
patient was still awake was considered, but only 1 anesthesi-
ologist anesthetized the patient. Difficult airway management
requires a preformulated strategy. The foremost consideration
is an evaluation of the clinical advantages and disadvantag-
es of intubation while the patient is awake versus while he is
asleep [9]. Conventional flexible bronchoscopic intubation of
conscious patients has been described as the criterion stan-
dard for securing the airway in patients at risk of difficult air-
way intubation. The clinician should be prepared for the po-
tential difficulties specific to every case and should attain and
maintain competence in the required techniques. In hindsight,
flexible bronchoscopic intubation performed while our patient
was awake might have been the best option, but the number
of staff available was not sufficient. Anesthetists should share
the clinical information of each patient and have an emergen-
cy intubation strategy prepared in case of DTI emergencies.
We have learned from this experience the importance of con-
sultation with pediatricians and anesthesiologists for high-risk
cases, regardless of the airway.
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NPPE is a type of noncardiogenic pulmonary edema mainly
caused by high negative intrathoracic pressure that has re-
sulted from upper airway obstruction. It is reported to occur
in 0.1% of cases of general anesthesia with tracheal intuba-
tion, mostly as a result of laryngospasm [10]. Furthermore,
specific characteristics, especially a short neck, difficulty in
intubation, endotracheal tube obstruction, history of obstruc-
tive sleep apnea, obesity, acromegaly, and history of upper
aerodigestive tract surgery, can increase the susceptibility
to this condition [11]. NPPE is of 2 types: type 1 develops
after sudden and intense obstruction of the airway, such as
postextubation laryngospasm and epiglottitis, and type 2 de-
velops after the surgical release of chronic airway obstruc-
tion, such as the resection of laryngeal tumor, adenoids/ton-
sils, or intrathoracic goiters [3]. In the present case, none of
these criteria for either NPPE type were identified in advance.
However, the mild collapse of the suprasternal fossa and a
rigid jaw during the induction phases predicted the possibil-
ity of upper airway obstruction. Most cases of NPPE resolve
within 24 to 48 h when properly treated [3]. The rate of mor-
tality from NPPE was previously described as ranging from
11% to 40%, but a more recent literature review revealed a
2% mortality rate [12].

The primary treatment for NPPE includes positive-pressure
ventilation and supplemental oxygenation, according to prior
studies [13]. The most common adjunct treatment is the use
of diuretics [14]. However, the use of medicines such as di-
uretics and steroids is heavily debated, and there are, as yet,
no definitive guidelines on their use [15]. To the best of our
knowledge, 1 patient with RA had acute pulmonary edema as
aresult of a DTI[16]. In that case, laryngeal mask airway-guid-
ed fiber-optic intubation was succeeded after failure of direct
tracheal intubation and fiber-optic intubation. In our patient,
after failure of fiber-optic intubation and subsequent larynge-
al mask oxygenation, nasal fiber-optic intubation successfully
secured the airway. In the situation of a DTl in patients with
RA, fiber-optic intubation guided through a laryngeal mask [17]
or glide scope-assisted fiber-optic bronchoscopy [18] was also
reported to have been successfully accomplished. According
to those reports, the combination of the 2 devices to facilitate
intubation seems to be useful for patients with RA. In our pa-
tient, even with careful preoperative assessment, such as pri-
or evaluation by an anesthesiologist, we encountered severe
difficulty with securing the airway, although we were able to
avoid emergency tracheostomy. NPPE may be well recognized
by anesthesiologists and intensivists, but it may not be famil-
iar to other medical specialists. Therefore, it is important for
surgeons to recognize NPPE as a potential complication in all
patients who develop hypoxia in the perioperative period, and
perioperative strategies are improved by close collaboration
and sharing of patient’s clinical information among surgeons,
pediatricians, and anesthesiologists.
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Conclusions

A DTl occurred in a patient with JRA who was to undergo sur-
gery for spigelian hernia. Fortunately, subsequent NPPE was
successfully managed with mechanical ventilation. According
to the findings of previous reports and our experience, for
patients with JRA who require surgery, both extra intubation
equipment and a sufficient number of skilled backup staff
should be prepared for DTI, as well as for preoperative man-
agement and intubation strategies. Normal ventilation may be
the most important factor for preventing NPPE. It is vital that
patients with RA receive treatment in an environment with
advanced airway equipment and staff fully trained in its use.
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Similarly, the necessary staff and equipment for emergency
cricothyroidotomies should also be readily available.
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