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M e s s a g e f r o m t h e E d i t o r- i n - C h i e f

COVID-19, Vaccines and the Emergence
of a New Disease
The COVID-19 pandemic has taken on several twists and turns
amid undulating waves of infectious spread related to the emergence
of variant virus strains. There have been many surprises along the
way. Foremost has been the spectacular performance of the vaccines,
in most cases having >90% efficacy to prevent viral spread. Most
vaccinologists did not anticipate such a positive outcome as leading
figures in this field considered 50% efficacy as acceptable.
Like any drug product, vaccines come with potentially
serious adverse effects such as anaphylactic reactions, immune
thrombocytopenic purpura, and Guillaine-Barre syndrome.
This issue of the Journal highlights a newly-described vaccine
adverse effect that appears to be specific to the adenovirus vector
vaccines, and although extremely rare, can be life-threatening:
vaccine-induced thrombotic immune thrombocytopenia or VITT.
VITT has garnered front-page headlines internationally when
first discovered in March 2021 and has since been reported in many
countries that have adopted the ChAdOx1 nCoV-19 (AstraZeneca)
vaccine. More recently, VITT has also been reported to occur in
association with the other adenovirus vector Ad26.COV2.S (Johnson
& Johnson) vaccine.
How common is VITT? The true incidence, based on most
recent reports, is probably between 1 per 50,000 and 1 per 100,000
vaccinations. During ‘normal times’, such vaccines would never have
passed muster for use because of this safety signal but in the face
of an uncontrolled pandemic, their high efficacy and overall safety
allows them to confer far more benefits in the form of infections
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prevented, hospitalizations averted and lives saved from COVID-19.
Indeed, vaccines provide the light at the end of the pandemic tunnel.
How severe is VITT? As described in the report by Tejpal et
al., VITT is a medical urgency (in some cases an emergency) that
requires prompt diagnosis and appropriate treatment. VITT is a
highly prothrombotic disease with potentially devastating clinical
consequences. The initial case fatality rate was reported as 40%
whereas more recent estimates indicate a fatality rate of about
20%. With increasing familiarity about how to diagnose and treat
VITT, it is likely this mortality rate will drop further. As with
other heparin-induced thrombocytopenia (HIT) forms, heparins
should be strictly avoided, as should platelet transfusions, but unlike
‘conventional’ HIT, treatment is anchored on a combination of
immune globulin and non-heparin anticoagulants such as direct
anticoagulants or fondaparinux.
Where do I learn more about VITT? New resources have been
developed by the Ontario Science Table (https://covid19-sciencetable.
ca) and Thrombosis Canada (www.thrombosiscanada.ca) to help
recognize diagnosis and treatment of VITT.
Although the administration of adenovirus vector vaccines is
declining in Canada (and may be curtailed altogether), their use will
increase in many other countries. In addition, the rapid dissemination
of knowledge related to VITT, including the contribution by Tejpal
et al., will allow clinicians to be best positioned to diagnose and
treat VITT while we emerge from the pandemic tunnel.
James Douketis, MD
Editor-in-Chief
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La COVID-19, les vaccins et l’apparition
d’une nouvelle maladie
La pandémie de COVID-19 a connu plusieurs rebondissements au
milieu des vagues de propagation liées à l’apparition de variants du
virus. De nombreuses surprises sont survenues en cours de route. La
plus importante a été la performance spectaculaire des vaccins, qui,
dans la plupart des cas, ont montré une efficacité supérieure à 90 %
pour prévenir la propagation virale. La plupart des vaccinologues
ne s’attendaient pas à un résultat aussi positif, car les chefs de file de
ce domaine considéraient qu’une efficacité de 50 % était acceptable.
Comme tout autre produit pharmaceutique, les vaccins
s’accompagnent d’effets indésirables potentiellement graves, comme
les réactions anaphylactiques, le purpura thrombocytopénique
immunitaire et le syndrome de Guillain-Barré.
Le présent numéro de la Revue met en lumière un effet
indésirable nouvellement décrit qui semble propre aux vaccins à
vecteur adénoviral et qui, bien qu’extrêmement rare, peut mettre
la vie en danger. Il s’agit de la thrombocytopénie thrombotique
immunitaire induite par le vaccin ou TTIV.
La TTIV a fait la une des journaux à l’échelle internationale
lorsqu’un premier cas a été découvert en mars 2021 et que d’autres cas
ont été signalés depuis dans de nombreux pays qui ont choisi d’utiliser
le vaccin ChAdOx1 nCoV-19 (AstraZeneca). Plus récemment, des
cas de TTIV ont également été signalés en association avec l’autre
vaccin à vecteur adénoviral Ad26.COV2.S (Johnson & Johnson).
Quelle est la fréquence de la TTIV? Selon les premières
estimations, la fréquence était d’environ un cas sur 250 000, mais
certaines estimations atteignaient un cas sur 25 000. La fréquence
réelle se situe quelque part entre les deux, probablement autour
d’un cas sur 100 000 (au Canada, 12 cas ont été signalés parmi un
peu plus de 2 000 000 de personnes vaccinées). En temps normal,
l’utilisation de tels vaccins n’aurait jamais été autorisée en raison de
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ce signe touchant la sécurité, mais face à une pandémie incontrôlée,
leur grande efficacité permet d’offrir beaucoup plus d’avantages sous
forme d’infections et d’hospitalisations évitées et de vies sauvées
de la COVID-19. En effet, les vaccins montrent la lumière au bout
du tunnel de la pandémie.
Quelle est la gravité de la TTIV? Comme le décrit le rapport
de Tejpal et al., la TTIV est une urgence médicale qui nécessite un
diagnostic rapide et un traitement approprié. TTIV est une maladie
hautement prothrombotique aux conséquences cliniques
potentiellement dévastatrices. Au départ, on rapportait un taux de
létalité atteignant 40 %, alors que des estimations plus récentes
indiquent un taux de létalité avoisinant les 20 %. Comme le milieu
médical international devient de plus en plus familier avec cette
affection, on s’attend à ce que ce taux de mortalité diminue encore.
Comme pour les autres formes de TIH, il faut éviter complètement
l’administration d’héparine, de même que les transfusions de
plaquettes, mais contrairement à la TIH « classique », le
traitement repose sur l’administration d’une combinaison
d’immunoglobulines et d’anticoagulants non hépariniques comme
les
anticoagulants
directs
ou
le
fondaparinux.
Où puis-je en savoir davantage sur la TTIV? De nouvelles
ressources ont été conçues par l’Ontario Science Table (https://covid19sciencetable.ca) et Thrombose Canada (www.thrombosiscanada.ca)
pour aider à reconnaître le diagnostic et le traitement de la TTIV.
L’administration des vaccins à vecteur adénoviral diminue
au Canada (et pourrait même cesser complètement), mais leur
utilisation augmentera dans beaucoup d’autres pays. En outre, la
diffusion rapide des connaissances liées à la TTIV, notamment par
l’article de Tejpal et al., permettra aux cliniciens d’être les mieux placés
pour diagnostiquer et traiter la TTIV alors que nous émergeons
du tunnel de la pandémie.
James Douketis, M.D.
Rédacteur en chef
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Abstract
Background
Point-of-care lung ultrasound (LUS) examination is increasingly utilized in Internal Medicine.
To improve the standardization of LUS education and clinical use, explicit minimal criteria for
defining what is an acceptable and clinically useful image are needed.

Methods
A 97-item online survey of potential minimal criteria for common uses of LUS in Internal
Medicine was developed and sent to 10 international point-of-care ultrasound experts. Their
opinion on the inclusion of each item was sought and items not achieving consensus (defined
as agreement by at least 70% of the experts) were reassessed in subsequent rounds. A total of
three rounds were conducted.

Results
Seventy-four minimal criteria were agreed upon for inclusion, 24 were agreed upon for exclusion,
and two did not reach consensus.

Conclusions
Experts agreed on 74 minimal criteria for Internal Medicine LUS. The use of these minimal
criteria during teaching and clinical use is strongly recommended.

Résumé
Contexte
L’échographie pulmonaire au point d’intervention est de plus en plus utilisée en médecine
interne. Pour améliorer l’uniformisation de la formation sur l’échographie pulmonaire et de
6
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son utilisation clinique, il faut des critères minimaux explicites pour définir ce qu’est une image
acceptable et utile sur le plan clinique.

Méthodologie
Un sondage en ligne de 97 éléments portant sur des critères minimaux possibles dans l’utilisation
courante de l’échographie pulmonaire en médecine interne a été élaboré et soumis à 10 experts
internationaux en échographie au point d’intervention. Leur avis sur l’inclusion de chaque
élément a été sondé, et les éléments pour lesquels il n’y avait pas de consensus (défini par l’accord
d’au moins 70 % des experts) ont été réévalués lors de tours suivants. Au total, trois tours ont
été effectués.

Résultats
Soixante-quatorze critères minimaux ont été acceptés, 24 ont été exclus et deux n’ont pas fait
consensus.

Conclusions
Les experts se sont entendus sur 74 critères minimaux relatifs à l’échographie pulmonaire
en médecine interne. L’utilisation de ces critères minimaux au cours de l’enseignement et de
l’utilisation clinique est fortement recommandée.

Background
The role of point-of-care ultrasound (POCUS) in the care of
medical patients is being increasingly recognized.1–3 Of the
recommended Canadian Internal Medicine POCUS applications,3
lung ultrasound (LUS) is one of the easiest to learn and has
high clinical utility.4 Its use in medical patients with dyspnea,
for example, is associated with increased diagnostic accuracy
at the bedside.5–7 Its use may also be gaining importance in the
assessment of patients with coronavirus-19.8 Despite it being
relatively easy to learn, to support the use of LUS clinically,
appropriate training in image acquisition and interpretation
is required. It is generally accepted by POCUS experts that
images not meeting minimal criteria, such as those that have
insufficient depth or inadequate optimization of the pleural
line, should not be used to support clinical decision-making,9
as they may introduce serious diagnostic errors. Both achieving
minimal criteria during image acquisition and the recognition
of when these criteria have not been met are fundamental to
POCUS competency.9 In addition, the use of minimal criteria
in POCUS training programs is considered a key indicator of
high-quality education.10
Despite the critical importance of minimal criteria, existing
resources on learning LUS, while useful, focus primarily on
image acquisition and interpretation,4,11,12 without an explicit
list of minimal criteria that an image must meet. As POCUS
education expands across the country, articulation of such criteria
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becomes increasingly important if high-quality education is to
be standardized. Given that trained POCUS experts agree on the
importance of minimal criteria,9 through consensus methods,
this study seeks to encapsulate this codex of expert knowledge
into an explicit list of minimal criteria for LUS. These minimal
criteria can then be used to guide clinical use as well as LUS
education for residency training programs.

Methods
Survey Development
This study received approval from the Conjoint Health Research
Ethics Board at the University of Calgary (#REB16-2452). Using
existing key reference resources for LUS,11,13–22 two independent
investigators (J.D. and I.M.) drafted a list of minimal criteria for
all intended applications of LUS, to be as inclusive as possible.
Disagreements were resolved by discussion and if necessary
consensus from additional investigators. This 78-item list was
formatted into an online survey (www.surveymonkey.com,
SurveyMonkey Inc., San Mateo, CA, USA).
This draft online survey was piloted in May 2019 on 14
Internal Medicine and Family Medicine physicians with at least
1 month of formal ultrasound training for feedback on survey
length, clarity, response options, missing or redundant items,
and flow. Feedback was reviewed by both J.D. and I.M. and
incorporated into the final 97-item survey.
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Table 1. Baseline Characteristics of the 10 Participants on the Expert Panel

Characteristic

N (%)

Country of Practice
Canada

5 (50)

USA

5 (50)

Specialty
Emergency medicine

3(30)

Critical care medicine
General internal medicine

1 (10)
6 (60)

Gender
Male

4 (40)

Female

6 (60)

Years of experience using POCUS*
3–4

1 (10)

5–6

3 (30)

7–8

1 (10)

9–10

1 (10)

>10

4 (40)

Years of experience teaching POCUS*
1–2

1 (10)

3–4

2 (20)

5–6

1 (10)

7–8

2 (20)

9–10

1 (10

>10

3 (30)

Years of experience assessing POCUS*
1–2

2 (20)

3–4

1 (10)

5–6

2 (20)

7–8

2 (20)

9–10

1 (10)

>10

2 (20)

Number of peer-reviewed publications related to
POCUS
1–2

1 (10)

3–4

5 (50)

>10

4 (40)

Completion of POCUS fellowship of 1-year duration or
more
Yes

6 (60)

No

4 (40)

* POCUS denotes point-of-care ultrasound.
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Expert Panel
Our expert panel included 10 international POCUS experts who
had at least 1 year of fellowship training in ultrasonography OR
a 3-year track record of teaching and assessing POCUS AND a
minimum of three peer-reviewed POCUS-related publications.
The experts completed three rounds of the online survey between
June 2019 and September 2019, where they were asked regarding
specific minimal criteria and if a given item must or must not
be present to meet minimal criteria. We defined consensus as
agreement by at least 70% of the experts.23 Open-ended response
options were also provided to capture missing items and additional
comments. Items that did not reach consensus were included in
subsequent rounds, which included new or revised items based
on expert feedback from the previous round. Results from survey
responses from prior rounds were provided to the participants
in the form of the percentages of those who chose each option,
as well as relevant comments that led to any item revisions.

Results
All 10 experts completed all rounds of the survey. Table 1 outlines
the baseline characteristics of the experts.

Round 1
In round 1, of the 97 items considered, consensus was reached
to include 50 items. For 18 items, consensus was reached for
being NOT mandatory (Table 2). No consensus was reached
for the remaining 29 items.
Round 2
Based on feedback from experts in round 1, two new questions
were added to the 29 items that were without consensus from
Round 1. The new questions were: (i) For a lung scan to be
considered acceptable, one of the following lung patterns/
findings MUST be present deep to the pleural line: A-lines,
B lines, consolidation, or pleural effusion and (ii) To rule out
pneumothorax, the least gravitationally dependent areas of the
chest MUST be scanned (e.g., anterior chest in a supine patient).
Of the 31 items considered in this round, 16 items reached
consensus to be included, 4 reached consensus for NOT being
mandatory, and 11 items did not reach consensus (Table 2).
Round 3
Round 3 included the 11 items from round 2 that did not meet
consensus as well as one new item on the need to scan the
posterolateral regions of the lungs for evidence of pneumonia/
consolidation. Of the 12 items considered, 8 reached consensus
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Table 2. Minimal Criteria For Internal Medicine Lung Ultrasound

Minimal Criteria

% agreement

General Criteria

1

For a lung scan to be considered acceptable, one of the following lung patterns/findings MUST be present deep to the
pleural line: A-lines, B-lines, consolidation, or pleural effusion

902

2

Whenever possible, we recommend recording a minimum of a 6-s cineloop

803

3

Using a lung preset is NOT mandatory if abnormalities can be visualized

701

4

Turning off tissue harmonic imaging is NOT mandatory if abnormalities can be visualized

701

5

Assessing for Pleural Sliding
Acceptable transducer(s)
Linear

1001

6

Curvilinear

901

7

Phased array

802

8

Microconvex

701

Minimal criteria for pleural sliding
1001

9

Pleural line MUST be clearly visible

10

Pleural line MUST be clearly centered

801

11

Pleural line MUST be as echogenic as possible (by fanning)

801

12

To state that lung sliding is ABSENT, at least one rib MUST be visible

13

Showing two consecutive ribs is NOT mandatory

801

14

Lung zones MUST be labeled

802

15

If pleural sliding not seen, MUST use at least 1 maneuver

16

Acceptable maneuvers to improve pleural sliding visualization
Decrease depth

1003

1001
801
1001

17

Change to a linear transducer

18

Adjust gain

701

19

Use M-mode

801

Maneuvers deemed not mandatory
20

Increasing frequency is NOT a mandatory maneuver

801

21

Moving the focus is NOT a mandatory maneuver

903

22

Using Doppler is NOT a mandatory maneuver

23

Still image archive for pleural sliding if cineloops not available
A still image of M-mode is acceptable to show the presence or absence of lung sliding

1001
901

24

A B-mode still image is NOT acceptable to show the presence of lung sliding

901

25

A B-mode still image is NOT acceptable to show the absence of lung sliding

901

Assessing for Pleural Irregularities
26

Acceptable transducer(s)
Linear

1001

27

Curvilinear

801

28

Microconvex

1002

29

Phased array LEAST preferred

702

Minimal criteria for pleural irregularities
30

Pleural line MUST be clearly visible
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% agreement

Minimal Criteria

General Criteria
801

31

Pleural line MUST be clearly centered

32

Pleural line MUST be as echogenic as possible (by fanning)

33

Lung zones MUST be labeled

802

34

Showing two consecutive ribs is NOT mandatory

901

1001

No consensus: At least one rib must be visible 50
Assessing for Lung Point/Pneumothorax Assessment
Acceptable transducer(s)
35

Linear

1001

36

Curvilinear

1001

37

Phased array

701

38

Microconvex

701

Minimal criteria for lung point/pneumothorax assessment
39

Pleural line MUST be clearly visible

1001

40

Pleural line MUST be clearly centered

701

41

Pleural line MUST be as echogenic as possible (by fanning)

701

42

Lung zones MUST be labeled

802

43

Must scan bilaterally to rule out a pneumothorax unless clinically not indicated (e.g., post-procedure)

801

44

To rule out pneumothorax, the least gravitationally dependent areas of the chest MUST be scanned (e.g., anterior
chest in a supine patient)

903

45

Lung point is NOT mandatory to diagnose pneumothorax

902

47

Showing two consecutive ribs is NOT mandatory

801

No consensus: At least one rib must be visible

50

Still image archive for lung point/pneumothorax if cineloops not available
47

A still image of M-mode is acceptable to show lung point

802

48

A B-mode still image is NOT acceptable to show lung point

1001

49

Assessing for B-Lines
Acceptable transducer(s)
Curvilinear

1001

50

Phased array

1001

51

Microconvex

701

52

Linear NOT acceptable*

891

Minimal criteria for B-lines assessment
53

Pleural line MUST be clearly visible

901

54

Pleural line MUST be clearly centered

1002

55

Pleural line MUST be as echogenic as possible (by fanning)

901

56

At least one rib must be visible

701

57

Lung zones MUST be labeled

902

58

Must scan bilaterally to rule OUT pulmonary edema

59

1001

To rule OUT pulmonary edema, we encourage learners to scan a minimum of eight lung areas (four on each side)
whenever possible

802

60

For the diagnosis of B-lines, we recommend a minimum depth of 10 cm below the pleural line be imaged

703

61

Showing two consecutive ribs is NOT mandatory

701

(continued)
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% agreement

Minimal Criteria
General Criteria
62
63

General criteria

Still image archive for B-lines if cineloops not available
A B-mode still image is acceptable to show positive B-lines
A B-mode still image is NOT acceptable to rule out presence of B-lines 90

701
2

Assessing for Consolidation
Acceptable transducer(s)
1001

64

Curvilinear

65

Phased array

901

66

Microconvex

1002

67

Linear acceptable if consolidation can be visualized

903

Minimal criteria for consolidation
1002

68

Pleural line MUST be clearly visible

69

Lung zones MUST be labeled

70

Must scan bilaterally to rule out a pneumonia

71

To look for pneumonia/consolidation, we encourage learners scan a minimum of eight lung areas (four on each side)

703

72

To look for pneumonia/consolidation, posterolateral regions MUST be scanned

703

902
1001

73

Pleural line being clearly centered is NOT mandatory

701

74

Pleural line being as echogenic as possible is NOT mandatory

701

75

If consolidation is visualized, having at least one rib visible is NOT mandatory

903

76

Showing two consecutive ribs is NOT mandatory

1001

Minimal criteria for basal zone consolidation
77

MUST attempt to visualize the spine

701

78

Diaphragm MUST be visualized

901

79

Spleen or liver MUST be visualized

701

80

Lung zones MUST be labeled

702

81

Consolidation must show air bronchograms

701

82

Demonstrating the spleen/kidney or liver/kidney interface is NOT mandatory

802

83

Air bronchograms do NOT need to be dynamic

801

84

Still image archive for consolidation if cineloops not available
A B-mode still image is acceptable to show consolidation

1001

Assessing for Pleural Effusion
Acceptable transducer(s)
85

Curvilinear

1001

86

Phased array

1001

87

Microconvex

701

88

Linear NOT acceptable*

1001

Minimal criteria for pleural effusion
89

MUST attempt to visualize the spine

801

90

Diaphragm MUST be visualized

1001

91

Spleen or liver MUST be visualized

801

92

Lung zones MUST be labeled

702

93

MUST scan bilaterally to rule out a pleural effusion

94

MUST scan a minimum of two zones to rule out pleural effusion
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Minimal Criteria for Lung Ultrasonography

Minimal Criteria

% agreement

General Criteria

t

95

To diagnose a pleural effusion, at least 25% of the diaphragm MUST be visualized

903

96

Demonstrating the spleen/kidney or liver/kidney interface is NOT mandatory

802

97

Sinusoid sign is NOT mandatory

701

98

Still image archive for pleural effusion if cineloops not available
A B-mode still image is acceptable to show presence of pleural effusion

1001

* Only nine experts responded to these questions.
Expert responses to items and the round in which the items achieved consensus are shown as superscript numbers

to be included, 2 reached consensus for NOT being mandatory,
and 2 items remained without consensus (Table 2).
The final list of items is listed in Table 2 and included 74
mandatory items, 24 items that were considered NOT mandatory
and 2 items that never reached consensus.

Discussion
In this study, we defined 74 consensus-based minimal criteria
for key findings in Internal Medicine LUS. These criteria are
both explicit and practical, taking into consideration potential
equipment limitations such as commonly available transducers
and machine functions (e.g., options for focus and transducer
frequency modulation). It also takes into consideration the
LUS findings in question. For example, while experts generally
agreed that for most findings the pleural line should be visible,
centered, made as echogenic as possible by fanning, and with at
least one rib visible, in the presence of certain findings, such as
an obvious consolidation, centering of the pleural line was not
deemed mandatory (#73) nor was it necessary that the pleural
line itself be optimized (#74). In another example (#12), experts
made it clear that if pleural sliding is visible, the presence of at
least one rib may not be necessary. However, to state that lung
sliding is ABSENT, at least one rib MUST be visible, so that
the pleural line can be properly identified in such cases. Also,
the group explicitly outlines image storage requirements. For
example, while the presence of B-lines can be confirmed and
documented with a still image (#62), their absence cannot be
so confirmed (#63) due to the respiratory movement of B lines,
making it possible to miss a positive finding with a still image.
Such key information, while inherently known to LUS experts,
has not been previously outlined and is vitally important for all
learners and training programs to recognize.
There are some limitations to our study. First, a few of our
items required significant revisions. For example, while 100%
of our experts agreed that a minimal depth must be achieved
for the assessment of B-lines, (to avoid mistaking these for

12
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z-lines),24 it was challenging to derive consensus on what this
minimal depth should be, as it is partially dependent on the
patient’s body habitus (e.g., the more subcutaneous tissue depth
present, the deeper the distance required). Ultimately, only by
the third round were our experts able to achieve consensus
once our revisions reflected this variability in subcutaneous
tissue depth (#60: a minimum of 10 cm required, starting
from below the pleural line, rather than at the skin surface).
We encountered similar wording issues when describing the
amount of diaphragm required to be imaged in the assessment
for pleural effusions. Rather than describing exactly which
portions of the diaphragm were required to be visualized
(medial vs lateral), experts were ultimately able to agree on
the overall percentage of a diaphragm that must be visualized
(#95). Second, the online survey design did not allow for rich
discussion amongst experts, and comments were limited to
open text boxes only. However, despite this limitation, our
experts were very engaged, and key comments from them led
to significant wording revisions and additional items. Third,
our minimal criteria are intended to be exactly that—minimal
criteria. While using a lung preset and turning off tissue
harmonic imaging should be performed whenever possible,
if findings are seen, our group was willing to forego these
settings (#3, #4). However, from a learner’s perspective, it may
still be prudent to be consistent in the use of an optimal preset
or demonstrate the presence of both ribs using a curvilinear
transducer whenever possible, even though these are not
considered mandatory. Fourth, we did not perform a systematic
review. However, our experts are true experts of LUS, including
a number who participated in national and international
consensus statements that did include an extensive literature
strategy.8,11 Lastly, although not every expert answered every
question in our survey, only two questions in all three rounds
of the survey had missing responses.
In conclusion, our experts agreed upon 74 items required
for meeting minimal criteria for LUS uses relevant to internal
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medicine, and 24 items were NOT required. In the teaching of
LUS, adherence to these criteria is recommended.
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ABSTRACT
Objective
To investigate the rationale and timing of opioid prescriptions for Internal Medicine inpatients
in an academic center in Saskatoon, Canada.

Methods
We performed a cross-sectional study of Internal Medicine inpatients that were prescribed
opioids in Saskatoon. We examined documentation of clinical rationale and timing of opioid
initiation or first escalation.

Results
Of 57 patients, 34 (60%) were opioid naive prior to admission and 48 (84%) had opioid doses
either initiated or escalated. Of these 48 patients, 27 (56%) occurred during on-call hours.
Rationale for escalation was documented in 31 cases (65%), with reasons including terminal
care (17%), musculoskeletal pain (15%), and skin and soft tissue infections (13%).

Conclusion
Rationale for opioid use was frequently not documented. Initial decision to change opioid dose
occurred equally between daytime and on-call hours.

RÉSUMÉ
Objectif
Étudier la justification et le moment choisi pour prescrire des opioïdes chez les patients hospitalisés
en médecine interne dans un centre universitaire de Saskatoon (Canada).

Méthodologie
Nous avons mené une étude de prévalence sur des patients hospitalisés en médecine interne chez
qui on a prescrit des opioïdes à Saskatoon. Nous avons examiné la documentation concernant
la justification clinique et le moment choisi pour entreprendre le traitement par les opioïdes ou
effectuer la première augmentation de dose.
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Résultats
Des 57 patients, 34 (60 %) n’avaient jamais pris d’opioïdes avant leur hospitalisation et 48 (84 %)
ont reçu leur première dose d’opioïdes ou une augmentation de dose. De ces 48 patients, 27
(56 %) ont reçu leur dose durant les heures de garde. La justification de l’augmentation de dose
est documentée dans 31 cas (65 %), les raisons étant les soins de fin de vie (17 %), la douleur
musculosquelettique (15 %) et les infections de la peau et des tissus mous (13 %).

Conclusion
Souvent, la justification de l’utilisation des opioïdes n’est pas documentée. Le moment où la
décision initiale de modifier la dose d’opioïde est prise est réparti de façon égale entre le jour et
durant les heures de garde.

Introduction
Canada is in the midst of an opiate crisis. Hospitalizations due to
opiate poisoning have been increasing in Canada.1,2 This crisis
is in part driven by legal prescriptions,2 making stewardship
of opioid prescribing more important than ever. As part of
the effort to mitigate opioid-related morbidity and mortality,
Canadian guidelines3,4 recommend cautious opioid prescribing
and optimizing adjuvant pain control prior to starting opioids.
Multiple studies address opioid prescribing on surgical
units, but few studies have evaluated opioid use among medical
inpatients.5 Internal medicine (IM) units care for patients with
a variety of presenting illnesses, many of which involve acute
or chronic pain. Nonopioid analgesics are recommended by
multiple guidelines prior to and along with opioids,3,4 but this
practice is not well studied within the IM inpatient population.
Our study investigated the rationale, timing, and use of adjunct
therapies associated with opioid prescriptions on IM inpatients
in an academic hospital in Saskatoon, Canada.

Methods
A retrospective chart review with a cross-sectional design was
conducted investigating events surrounding the initiation or
escalation of opioid-prescribing practices for IM inpatients.

Population and Data Sources
We identified inpatients admitted to an IM clinical teaching unit
(CTU) at Royal University Hospital (RUH) between July 1, 2017
and June 30, 2018 who were given at least one in-hospital opioid
prescription. RUH is a tertiary academic center in Saskatoon,
Canada. Patients who underwent neuraxial or general anesthesia
within 30 days of admission or were prescribed methadone or
suboxone in the community were excluded. Opioids given for
major procedures (e.g., cardiac catheterization) were excluded.
Patients were identified using the RUH inpatient pharmacy
database, BDM Pharmacy. BDM Pharmacy tracks all inpatient
Canadian Journal of General Internal Medicine
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medication orders as well as the inpatient unit that patients are
discharged from. A list of inpatients discharged from an IM CTUspecific ward with opioid prescriptions was generated by BDM
Pharmacy, and 60 unique IM patients were chosen by simple
random sample for chart review. If patients had multiple CTU
admissions within the study period, the first one was selected.

Chart review and Variables Collected
Details of opioid initiation or first escalation including the opioid
dose, route, frequency, service, who wrote the order, clinical
rationale for opioid use, and whether opioids were ordered during
daytime or on-call coverage hours were gathered from chart
review. Regular hours were defined as daytime (07:30–16:59) or
on-call hours (17:00–07:29). Medication reconciliation of home
medications, including opioids, was routinely performed for all
inpatients at the time of admission. Patients were considered
opioid naive if they did not have any active opioid prescriptions
at the time of admission. Opioid prescriptions given at the time
of discharge were also recorded.
Opioid escalation was defined as either: (i) an increase in
opioid dose or frequency, (ii) administration of intravenous
(IV) opioid, (iii) new breakthrough opioid dose prescribed
(different from a patient’s home opioid regimen), or (iv) a change
in opioid type with a greater maximum dosage when converted
to morphine equivalents.
Patient details were gathered, including age, sex, date of
admission and discharge, past history of any substance abuse,
and past or current liver disease. Prescriptions of adjunct
analgesics prior to opioid initiation or escalation, including
acetaminophen, nonsteroidal anti-inflammatory medications
(NSAIDs), pregabalin, or gabapentin, were recorded.
Statistical Analysis
Descriptive results were reported in medians with interquartile
ranges (IQR) or percentages. Characteristics were compared
Volume 16, Issue 2, 2021
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between opioid-tolerant (with escalated doses) and opioid-naive
patients using student’s t-test or chi-square tests. A sensitivity
analysis was performed excluding patients who died in-hospital.
STATA version 13 was used.

Ethics Approval
Ethics approval was granted by the University of Saskatchewan
Health Research Ethics Board (#15–90).

Results
BDM pharmacy identified 704 IM patients admitted to CTU
and were prescribed opioids in-hospital, and 60 (8.5%) were
randomly selected for review. We excluded three patients due to
recent surgery. In this patient sample, the majority were elderly
(median age 69) and opioid naive prior to admission (60%;
Table 1). Most patients, 48 of 57 (84%), had opioid doses either
initiated or escalated from baseline (Table 1).
Among IM inpatients, opioid escalations occurred similarly
between on-call and day-time hours (56% occurred on-call; 95%
CI: 42–70%). Opioids were primarily prescribed by IM services
(63%; 95% CI: 49–76%). Among opioid escalations, hydromorphone
was most commonly prescribed (78%), followed by morphine
(21%); some patients had more than one opioid prescribed. After

Table 1. Characteristics of Internal Medicine Patients Who Received at Least
One Opioid Prescription in Hospital

Variable

n (%)

Sample size

n = 57

Female

29 (51%)

Age

Median: 69, IQR: 49–81

Opioid naïve

34 (60%)

Opioid prescribed at homea
Hydromorphone

11 (19%)

Codeine

4 (7%)

Fentanyl

3 (5%)

Oxycodone

3 (5%)

Tramadol

2 (4%)

Morphine

2 (4%)

Frequency of home prescription
Scheduled

7 (12%)

As needed

10 (18%)

Both

4 (7%)

History of substance abuse

13 (23%)

History of liver diseases

9 (16%)

Death in-hospital

14 (25%)

a

Some patients were prescribed more than one type of opioid.
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excluding palliative cases and in-hospital deaths, four of the 24
(17%) patients who were opioid-naive prior to hospitalization
were given a new opioid prescription at discharge.
Documented rationale behind why opioids were started
or escalated was missing for 17 of 48 (35%; 95% CI: 22–49%)
cases (Figure 1). Among documented cases, rationale included:
terminal care (17%), musculoskeletal pain (15%), and skin and
soft tissue infections (13%).
Opioid-naive patients had similar characteristics compared
to opioid tolerant patients (Supplement 1), except that escalation
was less likely for skin and soft tissue infections (P < 0.05). A
sensitivity analysis was conducted, and results remain similar
after excluding in-hospital deaths (Supplement 2).
Although acetaminophen was prescribed in 71% of the
cases, only 31% of the patients had received acetaminophen
within 4 h prior to opioid escalation, and only 48% had received
acetaminophen within the previous 24 h (Figure 2). Acetaminophen
≥2 g was rarely given in the 24 h prior to prescription (8%).
Among the other adjunct agents, pregabalin/gabapentin (17%)
and oral NSAIDs (15%) were infrequently prescribed (Figure 3).

Discussion
We conducted a cross-sectional study evaluating opioid-prescribing
patterns among IM inpatients in Saskatoon, Canada. Indications
for opioid initiation or escalation varied, with terminal care
being the most common reason, although documentation
was not recorded in a third of cases. Opioids were initiated or
escalated relatively equally between the on-call and day-time
primary teams.
Opioids are frequently prescribed by IM physicians,
highlighting the importance of increasing the understanding of
opioid-prescribing patterns in IM. In a study examining over 56
million inpatient and outpatient opioid prescriptions, IM provided
the second highest number of opioid prescriptions.6 Another
study of over 1 million inpatients at 286 hospitals showed that
opioids were used in 51% of nonsurgical admissions.7
Documentation of clinical rationale for opioid prescriptions
is important, as opioids can be prescribed for a variety of
syndromes. Previously opioid-naive patients sent home with
opioid prescriptions are at an increased risk of opioid dependency.8
Improved communication techniques, such as writing the
clinical indication in the order or the discharge prescription,
may also help facilitate transfers of care, opioid tapering, and
eventual discontinuation. Future studies should investigate the
influence of improved documentation on opioid de-escalation
and discontinuation.
Management of acute pain can be challenging on an inpatient
service. Severe pain may require urgent initiation of analgesic,
and patient’s preconceived notions of nonopioid analgesics may
Canadian Journal of General Internal Medicine
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Figure 1. Indications documented for either initiation or escalation of opioids in-hospital.

influence choice of agent. Internists can face multiple competing
demands, such as: imminently ill patients, a busy ward, or multiple
consults for admission. Barriers to why nonopioid analgesics are
underutilized prior to and in combination with opioid use on
medical wards is a complex topic that warrants further study.
Canadian practice guidelines advise against initiating
opioid therapy in chronic, noncancer pain unless nonopioid
pain management strategies have been optimized.3,4 However,
nonopioid analgesics were frequently underutilized in our study.
Acetaminophen was included as an option on both ER and IM
order sets at our institution. Acetaminophen was often ordered
on an as-needed basis for patients in this sample, yet rarely
administered. When given, it was in low doses; frequently less
than half of the maximum daily dose and below limits considered
safe even for use in patients with underlying liver dysfunction. A
large cohort study of multiple hospitals in Pennsylvania5 found a
minority, approximately 20%, of nonintensive care inpatient opioid
users received either acetaminophen or NSAIDs. The authors
state that although some inpatients may have contraindications
to certain analgesics (e.g., peptic ulcer disease for NSAIDs), the
authors stated the prevalence of these conditions would not alone
Canadian Journal of General Internal Medicine
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explain the discrepancy in nonopioid analgesic use. We recognize
there are specific safety concerns related to NSAIDs, pregabalin,
and gabapentin on IM units, where the majority of patients are
elderly9 and/or have multiple comorbidities, but opioids are also
associated with serious risks and adverse effects.3,4
A substantial proportion (17%) of opioid escalations in
this study was provided for terminal care; this may be partially
explained by the increased breadth of IM practice at our center.
At RUH, IM frequently provides terminal care, with palliative
care available on a consulting basis. Intensive therapies, such
as noninvasive ventilation, are provided in observation units
on the ward under the care of IM, increasing the proportion
of patients with severe illness in relation to centers where that
level of care is provided in intensive care units.
Limitations of our study include its small sample size and
focus on opioid prescribing at a single academic hospital. Future
research conducted at other centers would be valuable to better
understand opioid prescription practice patterns on IM wards.
Contraindications to nonopioid analgesics, such as peptic ulcer
disease or renal dysfunction for NSAIDs, were beyond the
scope of this study. Finally, we did not investigate how inpatient
Volume 16, Issue 2, 2021
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Figure 2. Acetaminophen prescription orders and administration prior to initial decision to initiate or escalate opioids among internal medicine inpatients.
(A) Proportion of patients for whom acetaminophen is prescribed, and provided within 4 and 24 h prior to opioid initiation or escalation. (B) Total dose of
acetaminophen provided within 24 h of initial opioid order.

prescriptions affect clinical outcomes, such as chronic opioid
dependence or adverse effects.
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Supplement 1: Descriptive statistics stratified by opioid tolerant
versus opioid naïve cases.
Supplement 2: Descriptive statistics of patients on internal
medicine teaching units for whom opioids were either initiated
or escalated, excluding patients who died in-hospital.

Table S1-1. Descriptions of patients and initial opioid prescriptions as stratified newly initiated opioid prescriptions versus patients who had opioids
escalated from their home dose. P-values were calculated with student’s t-test or χ-square tests where appropriate

Variable
Sample size

Opioid-tolerant
n (%)

Opioid-naïve
n (%)

P-value

n = 14

n = 34

N/A

Female

9 (64%)

16 (47%)

P = 0.278

Age (years)

Median 61.5
IQR: 41–82

Median 73.5
IQR: 49–82

P = 0.315

History of substance abuse

3 (21%)

8 (24%)

P = 0.875

History of liver disease

1 (7%)

7 (21%)

P = 0.256

Death in-hospital

3 (21%)

10 (29%)

P = 0.572

4 (29%)

15 (44%)

Characteristics

Time of prescription
Day-time hours (07:30–17:00)
On-call hours (17:01–07:29)

10 (71%)

17 (50%)

Not documenteda

0 (0%)

2 (6%)

Median 20 h
IQR: 3–44

Median 38 h
IQR: 7–102

Internal medicine

6 (43%)

24 (71%)

Emergency medicine

5 (36%)

7 (21%)

Other

3 (21%)

3 (9%)

Time from admission to initial opioid prescription

P = 0.246

P = 0.413

Service that wrote the prescription
P = 0.241

(continued)
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Internal medicine teaching unit

Opioid-tolerant
n (%)

Variable

Opioid-naïve
n (%)

P-value

b

Opioid prescribed in hospital
Hydromorphone

13 (93%)

24 (71%)

P = 0.095

Morphine

2 (14%)

8 (24%)

P = 0.474

Fentanyl

0 (0%)

2 (6%)

N/Ac

Codeine

1 (7%)

0 (0%)

N/Ac

Bella-donna suppository

0 (0%)

1 (3%)

N/Ac

Scheduled

2 (14%)

1 (3%)

As needed

11 (79%)

32 (94%)

Both

1 (7%)

1 (3%)

Not documented

4 (29%)

13 (38%)

P = 0.525

Terminal care

1 (7%)

7 (21%)

P = 0.256

Musculoskeletal

3 (21%)

4 (12%)

P = 0.389

Skin and soft tissue infection

4 (29%)

2 (6%)

P = 0.031

Other

2 (14%)

8 (24%)

P = 0.474

Frequency of in-hospital prescription
P = 0.255

Indication for opioid prescription or escalation

a

Cases without documented tie of initial prescription were excluded in the comparison.

b

Some patients were prescribed more than one type of opioid.

c

Statistical comparisons were not performed if zero cases were found in either group.

Table S2-1. Characteristics of Internal Medicine Patients Who Received at Least One
Opioid Prescription in Hospital and Excluding Patients Who Died In-Hospital

Variable

n (%)

Sample size

n = 43

Female

21 (49%)

Age

Median: 61 years, IQR: 44–77

Opioid naïve

24 (56%)

Opioid prescribed at homea
Hydromorphone

10 (23%)

Codeine

3 (7%)

Fentanyl

3 (7%)

Oxycodone

2 (5%)

Tramadol

2 (5%)

Morphine

1 (2%)

Frequency of home prescription
Scheduled

6 (14%)

As needed

7 (16%)

Both

3 (9%)

History of substance abuse

11 (26%)

History of liver disease

7 (16%)

a

Some patients were prescribed more than one type of opioid.

20

Volume 16, Issue 2,

CJGIM_2_2021_177932.indd 20

2021 Canadian Journal of General Internal Medicine

07/06/21 3:48 PM

Quan S et al.

Table S2-2. Descriptions of the Timing and Opioid Prescriptions Written for Patients for Whom Opioids Were Newly Initiated or Had Been
Escalated from Their Home Dose, Excluding Patients Who Had Died in-Hospital

Variable
Sample size

n (%)
n = 35

Time of prescription
Day-time hours (07:30–17:00)

13 (37%)

On-call hours (17:01–07:29)

21 (60%)

Not documented

1 (3%)

Time from admission to initial opioid prescription

Median 20 h; IQR: 3–81

Service that wrote the prescription
Internal medicine

20 (57%)

Emergency medicine

11 (31%)

Other

4 (11%)
a

Opioid prescribed in hospital
Hydromorphone

26 (74%)

Morphine

8 (23%)

Fentanyl

1 (3%)

Codeine

1 (3%)

Bella-donna suppository

1 (3%)

Frequency of in-hospital prescription
Scheduled

2 (6%)

As needed

31 (89%)

Both

2 (6%)

Indication for opioid prescription or escalation
Not documented

13 (37%)

Musculoskeletal

7 (20%)

Skin and soft tissue infection

6 (17%)

Other

9 (26%)

a

Some patients were prescribed more than one type of opioid.
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Abstract
Amniotic fluid embolism (AFE) is a catastrophic, sudden-onset event that must be recognized
immediately. Despite the rarity of this condition, both maternal and perinatal morbidity and
mortality are significant with AFE, even in cases ideally managed. In this article, we present
five key statements covering the risk factors, clinical presentation, and management of AFE in
a clinical setting. The purpose of these tips is to provide clinicians with information that may
improve their ability to make a timely diagnosis and establish appropriate supportive treatment
to patients suffering from AFE.

Résumé
L’embolie amniotique est un événement catastrophique d’apparition soudaine qui doit être détecté
immédiatement. Malgré la rareté de cette affection, la morbidité et la mortalité maternelles et
périnatales sont importantes, même dans les cas où le traitement est idéal. Dans cet article, nous
présentons cinq énoncés clés qui portent sur les facteurs de risque, le tableau clinique et la prise en
charge de l’embolie amniotique dans un contexte clinique. Ces astuces visent à fournir aux cliniciens
de l’information qui pourrait améliorer leur capacité à poser un diagnostic en temps opportun et
à assurer un traitement de soutien approprié aux patientes atteintes d’une embolie amniotique.

AFE must be rapidly identified to avoid a
catastrophic outcome
Amniotic fluid embolism (AFE) resembles both massive pulmonary
embolism and anaphylaxis occurring simultaneously, likely from
a breach of the maternal-fetal physiological barrier.(1) The four
main criteria for AFE are (i) sudden-onset of cardiorespiratory
arrest or systolic blood pressure <90 mm Hg, with concomitant
respiratory compromise; (ii) evidence of disseminated intravascular
coagulopathy (DIC), including bleeding, thrombocytopenia,
elevated INR, PTT, and hypofibrinogenemia <1.5 g/L; (iii) clinical
22
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onset during labor or within 30 min of delivery of the placenta;
(iv) absence of intrapartum fever <38°C.(1) Approximately, 25%
of AFE cases present asymptomatically, with only respiratory
compromise and shock. Although AFE cannot be accurately
predicted, several risk factors are evident (Figure 1).

AFE is Rare but Deadly
Estimates of the incidence of AFE vary widely, but it is rare. It is
known fact that AFE cannot be accurately predicted, however,
several risk factors are palpable (Figure 1A). Almost half of
Canadian Journal of General Internal Medicine
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(A)
Demographic factors:
• Maternal age ≥ 35 y (RR 4.8, 95% CI 2.0–12)
• African or Caribbean ancestry (RR 2.4, 95% CI
1.5–3.6)

(B)
1: ABCs
• Begin high-flow oxygen and strongly consider intubation and sedation.
• Begin high-rate IV crystalloids (until blood products arrive).
• Begin IV infusion of a vasopressor agent.
• Secure an arterial and central venous line.

Maternal health conditions:
• Chronic hypertension (RR 9.5, 95% CI 2.2–41)
• Preeclampsia (RR 7.3, 95% CI 4.3–12.5)

2: Get help
• Call for help. Consider transport to operating room.
• Assign a team leader who is not managing the labour

Abnormal placentation or excess amniotic fluid
status:
• Placenta previa (RR 10.5, 95% CI 1.4–79)
• Placental abruption (RR 13.3, 95% CI 1.8–100)
• Polyhydramnios (RR 3.0, 95% CI 1.2–7.3)

Labour and birth factors:
• Vaginal prostaglandins for labour induction
(RR 3.4, 95% CI 1.3–34)
• Caesarean or instrumental birth (RR 36.0, 95% CI
4.4–300)
• Vaginal breech birth (RR 151, 95% CI 9.4–2400)
• Manual removal of placenta (RR 19.4, 95% CI 3.9–96)
• Birth < 37 weeks’ gestation (RR 9.7, 95% CI 2.3–40.8)

and birth.
• Activate massive transfusion protocol.

3: Perform rapid tests
• Obtain maternal CBC, INR, PTT, and fibrinogen, blood culture,
blood gas, electrolytes, and calcium.
• Initiate point of care hemostasis measurement, if available.
• Attempt bedside echocardiography to assess the right ventricle.

4: Manage DIC
• Following hemodynamic stabilization, tailor ongoing transfusion
management to serial CBC, INR, PTT, and fibrinogen.a–e
• Managing DIC is paramount – prevent medical bleeding.
• Manage secondary sepsis, retained placental tissue, or ongoing/
unrealized surgical bleeding, as needed.

5: Consider ECMO
• Consider consultation with a cardiac or vascular surgeon for
possible ECMO initiation, if available (see point 5 in text).

a

Tranexamic acid 2 g IV, then repeated hourly in first few hours.

b

Repeat packed red blood cell transfusion to maintain haemoglobin concentration > 70 g/L.

c

Repeat platelet transfusion to maintain platelet count > 50 × 109/L.

d

Repeat fibrinogen replacement by cryoprecipitate or fibrinogen concentrate to keep blood fibrinogen level > 2.0 g/L.

e

Repeat fresh frozen plasma to keep INR < 1.5 and/or PTT < 35 s.

RR relative risk; CI confidence interval; IV intravenous; CBC complete blood count; INR international normalized ratio; PTT partial thromboplastin time; ECMO
extracorporeal membrane oxygenation.

Figure 1. Significant risk factors for amniotic fluid embolism are shown in blue (A) (2). Potential immediate life-saving measures for a woman suspected of
having an amniotic fluid embolism are shown in red (B).
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women with AFE die or experience permanent neurological
injury, especially those without an obstetrician or anesthetist
present at the time of the AFE event, and this befalls among
those not receiving prompt correction of their coagulopathy.2

AFE is Characterized by a Biphasic Cardiovascular
Response
Initially, right ventricular failure leads to right ventricular
dilation, which impedes left ventricular filling and results in
low cardiac output.3 Right ventricular failure may be evident on
rapid bedside echocardiography, if available.3 The second phase
commences when right ventricular function improves and left
ventricular failure persists. Women who survive to the second
phase experience hemorrhage and massive DIC.3
Rapid management of AFE is critical, and immediate steps
should be taken by anyone present, including a family physician
or midwife in a team-oriented manner (Figure 1B).
Rapid and coordinated management should be led by an
assigned team leader experienced with resuscitation.4 DIC
should be managed aggressively, including 2 g of tranexamic
acid given intravenously, then repeated on an hourly basis in the
first few hours, packed red blood cells to maintain a hemoglobin
concentration >70 g/L, platelet transfusion to maintain platelet
count >50 × 109/L, fibrinogen replacement with fibrinogen
concentrate or cryoprecipitate to keep the blood fibrinogen
level >2.0 g/L, and fresh frozen plasma to keep the INR <1.5
and/or PTT <35 s.
Extracorporeal membrane oxygenation (ECMO) may be
considered in cases of ongoing cardiovascular instability, despite
initial resuscitative measures (Figure 1B).
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Depending on available resources and feasibility, urgent
consultation is required with a sub-specialty care center and
a team that can determine the value of ECMO.5 Case reports
suggest successful use of ECMO in women with refractory AFE.
As anticoagulation is required for ECMO, the bleeding risk is
higher among women with ongoing DIC, or after Caesarean birth.5
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Abstract
Over the past decade, the opioid crisis in Canada has been worsening. In 2019, over 3,800
people across Canada died due to an apparent opioid-related cause, which represents a 26%
increase from just 3 years prior. Given North America’s ongoing opioid crisis, and the
contribution opioid-prescribing practices have had to date, a critical need exists to ensure that
health care providers are not only educated about safe opioid prescribing but also are
knowledgeable about how to effectively screen for, diagnose, and treat an individual with
opioid use disorder.

Résumé
Au cours des dix dernières années, la crise des opioïdes au Canada n’a cessé de s’aggraver. En
2019, plus de 3 800 personnes au Canada sont décédées d’une cause apparemment liée à la
consommation d’opioïdes, ce qui représente une augmentation de 26 % par rapport à
seulement trois ans auparavant. Étant donné la crise des opioïdes qui sévit actuellement en
Amérique du Nord et la contribution des pratiques de prescription d’opioïdes qui ont eu cours
jusqu’ici, un besoin critique est à combler pour veiller à ce que les fournisseurs de soins soient
non seulement formés sur la prescription sécuritaire des opioïdes, mais aussi bien informés
sur le dépistage, le diagnostic et le traitement efficace d’un trouble lié à la consommation
d’opioïdes.

Introduction
Canada is in the midst of an opioid crisis that has been progressively
worsening. In 2019, over 3,800 Canadians died of an opioidrelated cause, which represents a 26% increase from just 3
years prior in 2016.1 Though British Columbia (BC) has been
facing a disproportionate number of deaths per year, the
opioid crisis is affecting communities from every province
and territory across Canada, with similar trends being seen in
the United States.2
While reasons for North America’s recent increase in opioidrelated deaths are certainly multifactorial, opioid-prescribing
practices related to the treatment of acute and/or chronic pain
Canadian Journal of General Internal Medicine
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has previously been recognized as a significant contributor.3
Though Canadian data is lacking, prescription opioid misuse
was found to be the second most common illicit drug used (after
marijuana) in the previous month by surveyed Americans (aged
12 years or older) in 2018.4 Similarly, almost 20% of the 53 million
Americans who reported past-year use of illicit drugs in 2018
reported the misuse of prescription opioids.4 While a significant
proportion of individuals who misused prescription opioids
did so to relieve physical pain (64%), the second most common
reason cited was to feel good or get high (11%). Regarding the
source of misused prescription opioids, approximately 51% were
Volume 16, Issue 2, 2021
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given by, bought from, or taken from a friend or relative, while
37% obtained opioids directly through a prescription.4
Canada is now the second highest global opioid consumer,
after the United States, with rates of pharmaceutical opioid
use having tripled over the past decade alone.5 For many
years, prescribers have been faulted for oligoanesthesia—the
undertreatment of acute pain.6,7 To ensure pain was not dismissed
and instead treated sufficiently, there was a push for physicians
to treat pain more aggressively.8 In addition, pharmaceutical
companies employed forceful, and sometimes deceiving,
marketing strategies to increase opioid sales.9,10 Together,
these influences have contributed to steep increases in opioid
prescriptions over the past decade, in every province across
Canada.11 As recent evidence and guidelines are beginning to
highlight, opioids have limited effectiveness in the treatment
of chronic, noncancer pain.12 Moreover, the risks of opioid use
likely outweigh their potential short-term benefits when used
to treat mild to moderate acute pain.13
Beyond increased rates of opioid prescribing, there is also
evidence of high-risk prescribing practices. BC data, for example,
demonstrate that among patients being prescribed methadone
maintenance treatment for an opioid use disorder, approximately
35% also received a concurrent prescription for an additional
opioid between 1996 and 2006.14 Furthermore, the number of
opioid prescriptions per person per year nearly doubled within
the same timeframe.14 Looking at the source of concurrent
opioid prescriptions, the vast majority (74%) were prescribed to
a patient by a physician that was not their methadone provider.14
Such a practice proves problematic as the co-prescription of
opioids and methadone have important safety considerations
as evidenced by the risk of fatal and nonfatal overdoses related
to concurrent opioid use.15,16
While opioid-prescribing practices have undoubtedly contributed
to North America’s opioid crisis, the presence of fentanyl (and its
potent analogues) in the illicit drug supply cannot be ignored.
In 2019, 77% of accidental, apparent opioid-related deaths in
Canada involved fentanyl or one of its analogues compared to
only 54% of apparent opioid-related deaths in 2016.1,17 The use
of nonmedical prescription opioids, however, has previously
been identified to be a risk factor for subsequent illicit opioid
use (with some studies citing up to a 40-fold increased risk for
the development of a heroin use disorder among those with
a nonmedical prescription opioid use disorder compared to
those without).18–24 More specifically, a 2013 national US study
demonstrated that among individuals with both nonmedical
prescription opioid use and heroin use in the preceding year,
77% reported their heroin use was concerned with nonmedical
prescription opioids.25 Accordingly, given North America’s
ongoing opioid crisis and the contribution opioid-prescribing
26
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practices have had to date, a critical need exists to ensure health
care providers are not only educated about safe opioid prescribing
but also are knowledgeable about how to effectively screen for,
diagnose, and treat an individual with opioid use disorder.

Opioid Use Disorder: Screening and Diagnosis
Historically, there has been a lack of focus on pain management
or addiction medicine training in medical education (both in
Canada and the United States). Accordingly, screening patients for
either substance misuse or addiction is not routinely integrated
into many clinician’s existing workflows. Though Canadian data
are lacking, one national survey of primary care physicians in
the United States demonstrated 94% of respondents (n = 648)
reported being unable to identify a substance use disorder among
their adult patients.26 Accordingly, being able to accurately screen
for and diagnose opioid use disorder is of critical importance.
The Rapid Opioid Dependence Screen (RODS) is an eightitem survey that can provide targeted screening for opioid
dependence (as defined by the Diagnostic and Statistical Manual
of Mental Disorders [DSM], Fourth Edition) in either a clinical
or research setting.27 The instrument, on average, takes less than
2 minutes to administer and can be done individually or as
part of a more thorough assessment. The RODS has
demonstrated good-to-strong sensitivity (97%) and specificity
(76%), among newly incarcerated HIV-infected individuals.27
An individual screens “positive” if they respond “yes” to at least
three questions. A “positive” screen should then be followed
up with a formal diagnosis of opioid use disorder using the
11-item criteria from the DSM-Fifth Edition. The severity of
opioid use disorder can further be classified as mild (score:
2–3), moderate (score: 4–5), or severe (score≥ 6). Additional
screening tools have been validated in various populations,
for example, the Mini International Neuropsychiatric
Interview (MINI) and the National Institute on Drug Abuse
Modified Alcohol, Smoking, and Substance Involvement
Screening Test (NMASSIST).28 As each screening/ diagnostic
tool has specific benefits and drawbacks in relation to
reliability, validity, and time of administration, it is important
to carefully consider the most appropriate choice dependent on
the population at hand. Most importantly, any individual
diagnosed with an opioid use disorder should be offered and
initiated on evidence-based treatment in a timely fashion by
either the patient’s primary care provider or referral to a
practitioner with expertise in addiction medicine.

Opioid Use Disorder: Management
In the spring of 2018, a national Canadian guideline for the
treatment of opioid use disorder was published.29 The guideline
describes the need for the treatment of opioid use disorder to
occur along a continuum, with treatment intensity matched
Canadian Journal of General Internal Medicine
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to disease severity. Furthermore, a need exists for ongoing
reassessment to ensure a patient’s treatment needs (which may
evolve over time) are consistently being met. Harm reduction
strategies (e.g., take-home naloxone kits, safe injection, or overdose
prevention education) and/or psychosocial interventions (e.g.,
counselling, group therapy, residential treatment) should span
the entire treatment continuum and be offered to all patients
as standard practice.

Withdrawal management
Withdrawal management (e.g., detox) is considered merely
symptom management in the realm of treatment modalities
for opioid use disorder and, therefore, should not be used as
a treatment option without additional support. Methadone
and buprenorphine/naloxone can be used as a taper to reduce
symptoms of opioid withdrawal, albeit with certain risks.30 For
example, many patients did not complete treatment and there
were high rates of relapse during and after tapers, which results
in the potential of overdoses and deaths.30,31
In addition, although alpha2-adrenergic agonists (e.g.,
clonidine) tend to relieve opioid withdrawal symptoms faster
than a methadone taper and usually require a shorter length of
treatment, they may also be associated with certain side effects
including sedation, dry mouth, and/or hypotension.32 Conversely,
buprenorphine/naloxone provides more rapid symptom relief
for opioid withdrawal and its use is associated with higher rates
of withdrawal management completion when compared to a
methadone taper.19 Furthermore, compared to alpha2-adrenergic
agonists, buprenorphine/naloxone is more effective at relieving
opioid withdrawal symtpoms.33 Regardless of which medication
is used, it is important to note that withdrawal management
should never be offered in isolation (e.g., without transition to
ongoing maintenance therapy) as such an approach is associated
with higher rates of relapse,21 HIV infection and transmission,20
and increased morbidity and mortality.34 In addition, pairing
psychosocial interventions with medical management appears
to be a helpful adjunct in the context of opioid withdrawal
management.35

Compared to placebo, buprenorphine/naloxone is associated
with increased rates of treatment retention (buprenorphine
daily dose >2 milligrams [mg]) and suppression in illicit opioid
use (buprenorphine daily dose ≥16 mg).38 Therapeutic dosing
of buprenorphine/naloxone can be achieved within 24–72 h,
and given its safety profile, the medication can be prescribed
for take-home dosing earlier than methadone. Moderate to
severe withdrawal from full opioid agonists (either prescribed or
illicit) must be achieved for a period of time prior to induction
to prevent the occurrence of precipitated withdrawal. While
more novel induction techniques (e.g., the Bernese method of
buprenorphine/naloxone microdosing) can be successful without
the need for the patient to experience opioid withdrawal, such an
approach is currently off-label.39 Specific details regarding how
to prescribe buprenorphine/naloxone for opioid use disorder
treatment can be found in province-specific guidelines.12,40–42
Methadone, a full opioid agonist, has been available as a
treatment option for opioid use disorder since 1965. Accordingly,
its efficacy is supported by a large body of literature, spanning
various countries, jurisdictions, and socioeconomic settings.43,44
Compared to placebo, methadone maintenance therapy has been
shown to be significantly more effective in addiction treatment
retention, suppression of illicit opioid use,43 reduction in mortality
(2.6 versus 12.7 per 1000 person years),45 and reduction in HIV
infection.46 When buprenorphine/naloxone and methadone
are compared, both medications (when prescribed at medium
or high doses [≥ 7mg daily buprenorphine/naloxone, ≥ 40mg
daily methadone]) have proven equally efficacious for retention
in addiction treatment and reduction in illicit opioid use.38
Given the prolonged half-life of methadone, dose adjustments
are currently recommended every 3 to 7 days (depending on
specific provincial guidelines and risk of patient methadone
toxicity).12,47 Accordingly, it can take weeks or even months
to achieve a therapeutic dose. During this period, it is not
uncommon for patients to discontinue treatment, experience
adverse events, or overdose.48 Specific details regarding how to
prescribe methadone for opioid use disorder treatment can be
found in province-specific guidelines.12,40,49–53

Opioid agonist therapy
First-line treatment for opioid use disorder is opioid agonist
therapy. Given its improved safety profile (and decreased risk for
diversion), buprenorphine/naloxone is currently recommended
as first-line therapy for opioid use disorder treatment.
Buprenorphine is a partial opioid agonist, and confers a lower
risk for sedation and respiratory depression, as well as a sixfold
decreased risk for overdose when compared to methadone.36,37
Furthermore, the medication has few drug-drug interactions and
is not associated with prolongation of the cardiac QT interval.37

Novel and emerging treatments
Slow-release oral morphine (SROM) is a 24-h, extended release
formulation of morphine that can be prescribed as an alternative
treatment option to either methadone and/or buprenorphine/
naloxone for opioid use disorder. Although a 2013 Cochrane
review did not show conclusive results in treatment retention
or effectiveness of SROM, it is important to note that only
three studies were available at the time and thus included in the
review.54,55 Since then, data have emerged demonstrating the
efficacy of SROM (when compared to methadone) with regard
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to similar rates of addiction treatment retention,56 a reduction in
illicit opioid use and cravings,55 as well as no interaction with the
cardiac QTc interval.56 If buprenorphine/naloxone or methadone
is unsuccessful or contraindicated for the treatment of opioid
use disorder, SROM should be considered. Of note, a portion
of the studies investigating SROM have been uncontrolled,
pointing to a need for more robust trials. Therefore, SROM is
not recommended as a first-line treatment option for opioid use
disorder. Health care providers should seek expert consultation
from an addiction medicine specialist prior to prescribing.12,57
Injectable opioid agonist therapy (iOAT), such as
diacetylmorphine (DAM), the active ingredient in heroin, has
been offered as a treatment for severe opioid use disorder in
several European settings for decades.58,59 Individuals who have
experienced treatment failure with oral opioid agonist therapy
(e.g., buprenorphine/naloxone, methadone, SROM) may be
considered for treatment with iOAT, which has demonstrated
efficacy in improving addiction treatment retention, reducing
illicit opioid and stimulant use, ensuring decreased criminal
activity, and improving social functioning.60 In Canada, injectable
DAM is currently only available through the federal Special
Access Program, which greatly limits its availability as a treatment
option.60 In 2015, injectable hydromorphone was found to be
noninferior to injectable DAM in a Vancouver-based randomized
controlled trial.41 Subsequent to this, injectable hydromorphone
was approved as a treatment option for severe opioid use disorder
among Canadian adults in the spring of 2019. A few months
later, Canada adopted national iOAT guidelines for the treatment
of opioid use disorder.61 Of note, however, prescribing of iOAT
for the treatment of opioid use disorder is limited to health care
providers with appropriate training and expertise.

Antagonist therapies
Naltrexone is an opioid antagonist that binds to opioid
receptors and blocks the effects of other opioid agonists. Oral
naltrexone has been evaluated as a treatment option for opioid
use disorder, but compared to placebo or no treatment, the
medication demonstrated no significant difference in treatment
retention or abstinence rates in a 2011 meta-analysis.62 Compared
to its oral counterpart, extended-release naltrexone has been
shown to increase adherence to therapy, partially attributed to its
intramuscular route of administration.63 In addition to decreased
opioid cravings when compared to methadone, patients who use
extended-release naltrexone for OUD have improved treatment
retention and reduced illicit opioid use overall, when compared
to placebo.64 In contrast to the United States, extended-release
naltrexone is not available to Canadians unless it is approved
through Health Canada on a case-by-case basis. In addition to
28
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the hurdle of availability, patients are required to pay for it, as
it does not fall under provincial medical coverage.

Conclusion
Over the past decade, the opioid-related death toll has
continued to increase, prompting a public health emergency
in both Canada and the United States. Though reasons for the
current opioid crisis are multifactorial, health care providers’
opioid-prescribing practices and the prevalence of fentanyl
and other potent analogues in the illicit drug supply have been
highlighted as significant contributors. Moving forward, if we
are ever to turn the tide on the opioid epidemic a critical need
exists to ensure health care providers are not only educated
about safe opioid prescribing but also are knowledgeable about
how to effectively screen for, diagnose, and treat an individual
with opioid use disorder. Furthermore, opioid agonist treatment
(e.g., buprenorphine/naloxone, methadone) should be routinely
offered to any patient identified to have an opioid use disorder to
prevent the negative consequences associated with ongoing use.
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Abstract
Point-of-care ultrasound (POCUS) offers numerous benefits and is recognized as an important
competency within Internal Medicine (IM). Despite this, a significant educational gap exists,
owing in large part to a lack of expertly trained faculty and structured training opportunities. A
robust POCUS training program requires not only technical excellence among faculty but also
leadership with expertise in program creation and administration, quality assurance, medical
education, and research. A dedicated 6- to 12-month POCUS fellowship model in programs
with well-established infrastructure allows for the development of these competencies and the
establishment of a network of key POCUS contacts, and prepares trainees to create or expand
POCUS programs at their centers. We propose that the expansion of dedicated General IM
POCUS fellowships in Canada is imperative to addressing this educational bottleneck and
shaping the future leaders of Canadian IM POCUS.

Résumé
L’échographie au point d’intervention (POCUS) offre de nombreux avantages et est considérée
comme une compétence importante en médecine interne. Pourtant, il existe une lacune importante
au chapitre de la formation, attribuable en grande partie au manque d’enseignants qualifiés et
d’occasions de formation structurée. Un programme de formation solide sur la POCUS exige
non seulement une excellence technique parmi le corps professoral, mais aussi un leadership
démontrant une expertise dans la création et l’administration de programmes, l’assurance de
la qualité, l’éducation médicale et la recherche. Un modèle de formation complémentaire de 6
à 12 mois consacrée à la POCUS dans des programmes dont l’infrastructure est bien établie
permet d’acquérir ces compétences et d’établir un réseau de personnes-ressources clés sur la
POCUS, et prépare les personnes en cours de formation à créer ou à élargir des programmes
sur la POCUS dans leur centre. Nous proposons qu’il soit impératif d’élargir les formations
complémentaires sur la POCUS en médecine interne générale au Canada pour remédier à ce
goulot d’étranglement en matière de formation et façonner les futurs chefs de file de la POCUS
en médecine interne au Canada.
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A call for point-of-care ultrasound fellowship training programs

Appropriate integration of point-of-care ultrasound (POCUS)
into the practice of medicine has been shown to offer a multitude
of benefits, including improved diagnostic accuracy, improved
clinical outcomes, reduced procedural complications, and cost
savings.1–6 Given these potential benefits, POCUS is increasingly
recognized and endorsed both nationally and internationally as
an important Internal Medicine (IM) competency.7–12
POCUS presents a unique educational challenge. POCUS
expertise encompasses not only technical proficiency but also a
deep understanding of test characteristics, Bayesian reasoning,
clinical integration, scalability, and an awareness of potential pitfalls
and limitations of each scan. It is recognized that appropriate
training is necessary to achieve and maintain proficiency in
POCUS, and that this may mitigate any potential harms.13–15 A
well-supported POCUS training program, therefore, requires
program infrastructure and support for quality assurance
activities and medical education in addition to technical expertise
and scanning instruction.16 A recent scoping review identified
longitudinal curricula, continued feedback/quality assurance,
and expert instruction as key tools for optimal POCUS education
across levels and specialties.17
There is currently a significant and ongoing gap in IM
POCUS training needs. It is concerning that the majority of
IM residents are already using POCUS in their clinical practice
despite low self-reported skills and knowledge.18–20 Appropriate
educational leadership is urgently needed in IM programs across
Canada and worldwide.
The fellowship model of POCUS training has been successfully
employed in other disciplines to solve this educational bottleneck.
Both Emergency Medicine and Critical Care now have many
well-established POCUS fellowship programs.21–23 The creation of
dedicated General Internal Medicine (GIM) POCUS fellowships
is a critical step and will help develop a cohort of national leaders
within Canadian IM POCUS.
We propose that dedicated GIM POCUS fellowships should
span at least 6, ideally 12, months. A high volume and variety of
case exposure are necessary to develop the technical expertise
in image acquisition, interpretation, and integration across a
wide range of IM POCUS applications. Relevant applications
include, but are not limited to, thoracic, abdominal, vascular,
and musculoskeletal scanning; hemodynamics and focused
cardiac ultrasound; and ultrasound for procedural guidance. The
core deliverable from a fellowship, however, is not individual
POCUS mastery but the skills to scale this mastery to the
masses through POCUS program creation, predominantly in
academic centers. Engaging in longitudinal training in a POCUS
fellowship imparts fluency in the core infrastructure required
of POCUS programs: quality assurance, administration and
program management, hospital and interdisciplinary relations,
32
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and medical education. As an example, quality assurance refers
to processes set in place for an independent trained expert to
review scans performed by learners in a timely fashion, so that
both patient safety and education can be optimized. To do so
requires technology that enables storing and reporting scans,
a method for integrating POCUS reports with other clinical
information, and expert faculty who can spend dedicated time
reviewing images. Fellowship-trained POCUS experts are
well-positioned to coordinate the multiple aspects of robust
quality assurance programs in their own centers, a skill that
may be lacking in those who have focused only on establishing
personal expertise through stand-alone commercially available
POCUS training courses. Finally, participation in a GIM POCUS
fellowship will also offer the opportunity to connect with key
players in POCUS from multiple specialties nationally and
internationally and develop valuable professional relationships.
Cross-disciplinary collaboration with specialties in which the
POCUS fellowship model is well-established will be crucial as
GIM programs evolve.21
We recognize that some trainees may want to pursue
additional POCUS training targeted to personal mastery and
enhancing their own practice in a community setting. In these
cases, consideration may be given to a shorter timeline (1–3
months), with a focus on clinical and technical excellence and
establishing ties to an expert POCUS community.
The 5-year timeline of Canadian GIM training lends itself
exceptionally well to the POCUS fellowship model. Given the
flexibility of the fifth year of training, there is an opportunity
to dedicate significant time and energy for developing expertise
in a niche area such as POCUS. The funding of the fifth year of
training removes the financial barrier that is typically encountered
by trainees in other disciplines who often must choose between
juggling POCUS training with their base specialty training or
doing a self-funded year of POCUS during their early practice.
Currently, to our knowledge, there are only two programs in
Canada supporting exclusively GIM-focused POCUS fellowships,
though other centers have provided excellent training to the
current group of Canadian IM POCUS leaders via fellowships
initially designed for other disciplines. One has been in place
since 2017 (University of Calgary), and another is due to start in
July 2020 (University of British Columbia). Graduates of these
programs will possess not only expert technical skills but will also
be equipped to disseminate IM POCUS and provide leadership
in their respective institutions. Though these programs are still
in their infancy, we can learn from the successes and struggles
of POCUS fellowships in other disciplines to efficiently create
robust training opportunities. However, further development
of GIM POCUS fellowship across Canada is imperative, as the
need for POCUS leaders far outstrips this capacity.
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POCUS is a disruptive technology that has the power to
profoundly alter and improve the way we take care of patients.
Given the breadth and depth of the practice of IM, the potential
applications for POCUS are many and are constrained primarily
by a lack of expert faculty to provide training, leadership, and
oversight.24 By engaging in a GIM fellowship model of POCUS
training, we can address the current educational bottleneck and
create a strong group of national leaders. The time has come to
mobilize the collective intellect and resourcefulness of the GIM
community to bring the power of POCUS into the hands of IM
trainees and clinicians across the country.
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Abstract
Vaccine-induced prothrombotic immune thrombocytopenia (VIPIT) is a rare complication noted
after immunization against coronavirus disease with the ChAdOx1 nCoV-19 (AstraZeneca)
vaccine. Here we report such a case in a 61-year-old gentleman who presented twenty days
after receiving the vaccine and was diagnosed with massive bilateral pulmonary emboli with
a saddle embolus. This is the third such case in Canada. This case serves to highlight that
venous thromboembolism in an older, male patient presenting in a typical manner can still be
VIPIT, despite reports of this occurring predominantly in young females with intracranial and
splanchnic thromboses. It is important to make the diagnosis accurately and in a timely fashion
because the management strategy differs from that of classic venous thromboembolism. Heparin
anticoagulants should be avoided, and intravenous immunoglobulin is critical to consider as
part of the treatment.

Résumé
La thrombocytopénie thrombotique immunitaire induite par le vaccin (TTIV) est une complication
rare, signalée après l’immunisation contre la maladie à coronavirus par le vaccin ChAdOx1
nCoV-19 (AstraZeneca). Cet article expose le cas d’un homme de 61 ans qui s’est présenté à
l’hôpital 20 jours après avoir reçu le vaccin et a reçu un diagnostic d’embolie pulmonaire bilatérale
massive avec une embolie en selle. Il s’agit du troisième cas du genre au Canada. Ce cas vient
démontrer qu’un homme plus âgé qui présente les symptômes typiques d’une thromboembolie
veineuse peut être atteint d’une TTIV, même si l’on rapporte qu’elle survient essentiellement chez
les jeunes femmes atteintes de thromboses intracrâniennes et splanchniques. Il est important de
poser le diagnostic rapidement et avec précision, car la stratégie de prise en charge de la TTIV
diffère de celle de la thromboembolie veineuse classique. Les anticoagulants à base d’héparine
doivent être évités, et il est essentiel de considérer l’administration d’immunoglobulines par voie
intraveineuse dans le cadre du traitement.
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Case Presentation
A 61-year-old gentleman presented to hospital with back pain
twenty days after the ChAdOx1 nCoV-19 (AstraZeneca) vaccine.
His past medical history was significant for hypertension,
dyslipidemia, coronary artery disease, obstructive sleep apnea,
total hip arthroplasty two years ago, prior transurethral resection
of the prostate, and spinal stenosis. His medications included
telmisartan, rosuvastatin, bisoprolol, aspirin, clopidogrel,
pantoprazole, and nabilone. His blood work was notable for
new thrombocytopenia with a platelet count of 71 ×109/L. His
last complete blood count nine months earlier was normal,
with a platelet count of 183 × 109/L. He had no prior history of
thrombocytopenia. He was discharged home with ketorolac for
musculoskeletal pain. He re-presented again six days later with
mechanical back pain and blood work notable for a platelet count
of 81 ×109/L. He returned to hospital again three days later with
shortness of breath, hemoptysis, and presyncope. Blood pressure
was 128/79, heart rate 90 beats per minute, and oxygen saturation
94% on room air. He had no calf pain or edema. Blood work was
significant for a high sensitivity troponin-T of 134 ng/L, and his
platelet count was 134 × 109/L. His D-dimer was greater than 6000
mcg/L, international normalized ratio 1.2, partial thromboplastin
time 29 seconds, and fibrinogen 3.45 g/L. Electrocardiogram

revealed new T-wave inversions in the anterior leads (Figure 1).
Chest computed tomography (CT) revealed massive bilateral
pulmonary emboli with a saddle embolus (Figure 2).
The patient had no history of immobilization, recent
surgery, malignancy, weight loss, fever, or night sweats, he was
up to date with cancer screening, and there was no personal or
family history of thrombosis. He had no features of deep vein
thrombosis, and he was never tachycardic. His first dose of the
ChAdOx1 nCoV-19 vaccine was four weeks before the current
presentation. He had no prior history of heparin exposure.
He received one dose of therapeutic dalteparin. Given his
lack of risk factors, except for his recent vaccination with the
AstraZeneca vaccine, there was a concern for vaccine-induced
immune thrombotic thrombocytopenia (VITT). Dalteparin was
therefore discontinued, and he was transitioned to apixaban. A
heparin-induced thrombocytopenia (HIT) assay was positive
with an optical density of 1.23. His serotonin release assay was
also positive. He had no headache or neurologic symptoms, and
CT venogram of the brain was normal. He had bilateral Doppler
ultrasounds of his lower extremities and was diagnosed with
acute right leg deep venous thrombosis, causing occlusion of the
right middle and distal popliteal vein, peroneal and posterior
tibial veins. He was treated with intravenous immunoglobulin

Figure 1. Electrocardiogram showing new T-wave inversions in the anterior leads.
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Figure 2. CT Chest pulmonary embolism protocol showing saddle embolus.

(IVIG) 1 g/kg for two days. His clinical status improved, as did his
platelet count, 261 × 109/L upon discharge home five days later.

Discussion
VITT is a rare complication of the ChAdOx1 nCoV-19 vaccine
and was estimated to occur in 1/100,000 patients.1 To date only
two other cases of VITT have been reported in Canada, however
as mass vaccination of COVID-19 rolls out in Canada, more cases
of VITT are anticipated in the coming months. A high index of
suspicion is required to diagnose VITT as it is not associated
with traditional risk factors for thromboembolism. Symptom
onset is typically between six and twenty days after vaccine
exposure, and unexplained thrombocytopenia can be a clue in
the diagnosis of VITT and should prompt further investigation
in the right host.2
VITT is most often reported in younger females with
thrombosis at unusual sites such as the splanchnic and cerebral
veins.3 In a case series of eleven patients with thrombotic events
and thrombocytopenia after inoculation with a viral vector vaccine
against COVID-19, Greinacher et al. found that pulmonary
embolism was a feature of only three patients.4 Nine patients
were found to have cerebral venous sinus thrombosis, three
had splanchnic-vein thrombosis, and five had other various
forms of thromboses.4 Schultz et al. studied five patients with
this complication, none of whom had pulmonary embolism
as the location of venous thrombosis.3 Our case, however, was
in a middle-aged male with a massive pulmonary embolus.
Similarly, despite the propensity for younger patients and
atypical thrombosis in VITT, in a case series of twenty-three
patients with VITT reported by Scully et al., six patients had
36
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pulmonary embolism, and cases were reported in patients up
to 77 years of age.2
The pathophysiology of VITT is thought to be immunemediated through platelet-activating antibodies against platelet
factor 4 (PF4), similar to HIT.2 HIT is a complication that results
from exposure to heparin that results in the formation of IgG
antibodies against PF4 complexed with heparin. This activates
FcγRIIa receptors on platelets, leading to platelet activation and
the release of procoagulant microparticles.5 The thrombocytopenia
that ensues results from the removal of IgG-coated platelets by
the reticuloendothelial syndrome and platelet consumption in
thrombosis.5,6 In the case of VITT the antibodies to PF4 occur
without exposure to heparin.2 Immunoassays show a strongly
positive reaction on P4F-heparin ELISA in VITT and HIT.2–4
Several syndromes that resemble HIT have been reported
and are collectively referred to as autoimmune HIT syndromes.
These include delayed-onset HIT, persisting HIT, spontaneous
HIT syndrome, flush heparin HIT, fondaparinux-associated HIT,
and severe HIT with overt DIC. Spontaneous HIT syndrome is
a condition in which anti-PF4-polyanion antibodies are found
in the blood despite the absence of exposure to heparin. The
downstream effects of this are similar to those seen in the classic
form of HIT, with both thrombocytopenia and thrombosis seen
in cases of spontaneous HIT. Possible triggers include viral or
bacterial infections and orthopedic surgery.7 HIT antibody
testing is a crucial component in evaluating suspected VITT,
as the management of VITT differs from the management of
typical venous thromboembolism. In particular, heparin and
platelet transfusions should be avoided, and a HIT-compatible
anticoagulant should be used. Specifically, options include direct
oral anticoagulants, fondaparinux, danaparoid, and argatroban.8
At present, it is unclear whether heparin exacerbates this
condition, but given the proposed pathophysiologic mechanism,
the recommendation is to avoid heparin until further study.8
Hypofibrinoginemia has also been noted as a feature of VITT.
In a study of eleven patients with VITT, 6 had fibrinogen levels
measured, and four developed hypofibrinogenemia.4 Fibrinogen
level monitoring is recommended, with replacement as needed.
In those with VITT and severe thrombotic disease, treatment
with IVIG 1 g/kg for two days is recommended.8,9 Prior to the
identification of VITT, IVIG had been used for autoimmune
HIT syndromes with good effect.7 IVIG is thought to inhibit
antibody activation of platelets and lead to abrupt platelet
count recovery. Although this patient originally had evidence of
thrombocytopenia, the platelet count had recovered by the time
of diagnosis. IVIG was still used due to the extent of the massive
pulmonary embolus. Other therapeutic options to consider in
refractory cases include steroids and plasma exchange, though
research in this area is limited.
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Conclusion
VITT is a rare but important complication of vaccination with
the ChAdOx1 nCoV-19 vaccine. A high degree of suspicion is
required since thrombosis can occur up to four weeks following
vaccination. While previously thought to occur in young females,
with the clot location often being intracranial, our case highlights
the fact that VITT can present in a variety of ways, including
older men with pulmonary embolism or deep vein thrombosis.
Thrombocytopenia can be an important clue to the diagnosis.
Pathophysiologic mechanism and treatment remain areas of
ongoing research, but the disease is thought to be mechanistically
similar to HIT. In patients with suspected VITT, a HIT assay
should be obtained, heparin should be avoided as the choice of
anticoagulant, and IVIG should be considered.

References

1. Cines DB, Bussel JB. SARS-CoV-2 Vaccine–induced immune thrombotic
thrombocytopenia. N Engl J Med. 2021 Apr 16;0(0):null.
2. Scully M, Singh D, Lown R, et al. Pathologic antibodies to platelet factor 4
after ChAdOx1 nCoV-19 vaccination. N Engl J Med. 2021 Apr 16;0(0):null.

Canadian Journal of General Internal Medicine

CJGIM_2_2021_177932.indd 37

3. Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and
hrombocytopenia after ChAdOx1 nCoV-19 vaccination. N Engl J Med
[Internet]. 2021 Apr 9 [cited 2021 Apr 26]; Available from: https://www.nejm.
org/doi/10.1056/NEJMoa2104882
4. Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic thrombocytopenia
after ChAdOx1 nCov-19 Vaccination. New Engl J Med [Internet]. 2021 Apr
9 [cited 2021 Apr 26]; Available from: https://www.nejm.org/doi/10.1056/
NEJMoa2104840
5. Rauova L, Poncz M, McKenzie SE, et al. Ultralarge complexes of
PF4 and heparin are central to the pathogenesis of heparin-induced
thrombocytopenia. Blood. 2005 Jan 1;105(1):131–8.
6. Franchini M. Heparin-induced thrombocytopenia: an update. Thrombosis J.
2005 Oct 4;3(1):14.
7. Greinacher A, Selleng K, Warkentin TE. Autoimmune heparin-induced
thrombocytopenia. J Thrombo Haemo. 2017;15(11):2099–114.
8. Oldenburg J, Klamroth R, Langer F, et al. Diagnosis and management of
vaccine-related thrombosis following AstraZeneca COVID-19 vaccination:
Guidance Statement from the GTH. Hamostaseologie [Internet]. 2021 Apr
1 [cited 2021 Apr 26]; Available from: http://www.thieme-connect.de/DOI/
DOI?10.1055/a-1469-7481
9. American Society of Hematology. Thrombosis with thrombocytopenia
syndrome - Hematology.org [Internet]. [cited 2021 Apr 26].
Available from: https://www.hematology.org:443/covid-19/
vaccine-induced-immune-thrombotic-thrombocytopenia

Volume 16, Issue 2, 2021

37

07/06/21 3:48 PM

Case Reports and Clinical Images

Type B Lactic Acidosis in a Solid Tumor Malignancy
without Liver Metastases: A Rare Case of Refractory
Acidosis
Beatrice Preti1,2, MD, Jasna Deluce1,2, MD, Siddhartha Srivastava1,2, MD, MSc
1Division

2Kingston

of General Internal Medicine, Department of Medicine, Queen’s University, Kingston, Ontario, Canada
Health Sciences Center, Kingston, Ontario, Canada

Author for correspondence: srivastava.s@queensu.ca
Received: 13 February 2020; Accepted after revision: 27 April 2020; Published: 21 June 2021
DOI: https://doi.org/10.22374/cjgim.v16i2.427

Abstract
Malignancy-induced type B lactic acidosis is a rare, yet fascinating, cause of refractory acidosis
in patients with cancer, often unresponsive to usual medical treatments. Case reports usually
discuss the paraneoplastic phenomenon in hematologic malignancies; however, we present the
case of a 72-year-old woman with metastatic breast cancer, who initially presented to hospital
with an elevated lactate in the absence of acidosis. She appeared to improve with fluids; however,
she then represented 2 weeks later with a severe metabolic acidosis and undetectable high lactate
level. Ultimately, the patient did not respond well to supportive care, and the decision was made
to pursue comfort-directed therapy.

Résumé
L’acidose lactique de type B induite par une tumeur est une cause rare, mais extrêmement
intéressante, d’acidose réfractaire chez les patients cancéreux et qui, souvent, ne répond pas
aux traitements médicaux habituels. Les études de cas traitent généralement du phénomène
paranéoplasique des tumeurs malignes hématologiques; toutefois, nous présentons le cas d’une
femme de 72 ans atteinte d’un cancer du sein métastatique, qui s’est d’abord présentée à l’hôpital
pour un taux élevé de lactate dans le sang, mais sans acidose. Son état a semblé s’améliorer grâce
à un apport de liquides; toutefois, elle s’est présentée de nouveau à l’hôpital deux semaines plus
tard pour une acidose métabolique grave et un taux élevé de lactate indétectable. Au bout du
compte, la patiente n’a pas bien répondu aux soins de soutien, et il a été décidé d’appliquer les
soins de confort.

Case Presentation
A 72-year-old woman was admitted to hospital with a 2-day
history of weakness, malaise, nausea, and decreased oral intake,
as well as a 1-day history of expressive aphasia and word-finding
difficulties. She had a similar recent presentation to hospital 2
weeks prior, during which she was diagnosed with hypercalcemia
and treated with intravenous pamidronate. The patient also
reported 2 months of gradual functional decline and a 20-pound
38
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unintentional weight loss. On review of systems, she had no
infectious symptoms, including cough, shortness of breath, fever
or chills, abdominal pain, diarrhea, lower urinary symptoms,
mouth sores, or other neurological symptoms.
Her past medical history was significant for metastatic,
triple-negative, invasive ductal carcinoma of the left breast,
T3N1, status post-mastectomy, and adjuvant radiation, with
metastases to the left chest wall and pancreatic tail found
Canadian Journal of General Internal Medicine
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during her previous hospital admission. Her most recent CA
15-3-K was 512 kU/L (normal 0–31); CEA was 3.3 ug/L (normal
0–5). She also had a previous history of triple-positive breast
cancer in the left breast, depression, and severe compression
fractures of the lumbar spine. Her home medications consisted
of long-acting morphine for pain and trazodone for insomnia.
During her prior hospital admission, she was hemodynamically
stable, but had been found to have an elevated anion gap with
a compensated metabolic acidosis on a venous blood gas (pH
7.35, pCO2 32mmHg, HCO3 18mmol/L). She had elevated
beta-hydroxybutyrate at 1.14mmol/L, thought to be related to
malnutrition ketosis in the setting of her cancer. Her lactate
was also significantly elevated (15.3mmol/L), which improved
moderately with intravenous fluids to 11.6mmol/L.
Upon representation to hospital, the patient was tachycardic,
with a heart rate of 105 beats per minute, blood pressure of 127/73,
respiratory rate of 16, oxygen saturation of 96% on room air,
and temperature of 36.6° Celsius. She appeared comfortable and
was sitting up reading. She was mildly cachectic, and physical
exam was consistent with hypovolemia: dry axilla, dry mucus
membranes, and flat jugular venous pressure. Otherwise, her
cardiac, respiratory, and abdominal exams were noncontributory.
Neurologically, she was alert and oriented but had noticeable
word finding difficulties and self-reported confusion; however,
the remainder of her neurological exam was normal. She had a
small, stage two sacral ulcer with no discharge or surrounding
erythema.
The full panel of her laboratory investigations is listed in Table 1.
Notably, laboratory results again demonstrated hypercalcemia and
a high anion gap metabolic acidosis with significantly elevated
lactate (>17 mmol/L). A chest X-ray showed new compression
fractures. A bone scan showed no clear metastasis. A CT of the
chest, abdomen, and pelvis showed no liver lesions but did show
new metastasis in left chest wall and pancreatic tail.
Her hypercalcemia was treated with 2 L of intravenous (IV)
normal saline bolus and IV zoledronic acid. Her constipation,
confusion, and word-finding difficulties resolved by the following
morning, leaving only mild residual nausea. She was started
on a bicarbonate infusion in an attempt to treat the persistent
acidosis. Despite continuing the bicarbonate infusion for several
days, however, the patient’s lactate remained undetectably high,
and the blood pH remained acidotic. She still appeared clinically
well, and was thus transitioned to oral bicarbonate.
A number of causes for lactic acidosis, including thiamine
deficiency, sepsis, renal dysfunction, hepatic dysfunction, and
hypoxia, were ruled out (Table 1). She had no history of toxic
alcohol ingestions or any pharmaceutical culprits. Ultimately, it
was determined her lactic acidosis was malignancy-induced. She
was treated for type B lactic acidosis associated with malignancy
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supportively, and treatment for the underlying malignancy was
considered. Hence, medical oncology was consulted, and she
was offered palliative systemic chemotherapy. However, the
patient and her family decided to focus on symptom-directed
care only. She died in hospital 2 weeks later.

Discussion
Lactic acidosis is defined as a serum pH less than 7.35 coupled
with a serum lactate greater than 5 mmol/L.1 There are three
types of lactic acidosis described in the literature: Type A,
Type B, and Type D.2 Type A represents lactate overproduction
secondary to hypoperfusion and tissue hypoxia. Type D lactic
acidosis is an uncommon subtype, occurring mainly in the setting
of gastrointestinal malabsorption and short bowel syndrome.2
This case presentation shows an example of Type B lactic
acidosis, defined as nonhypoxia-induced lactic acidosis. Causes
of Type B lactic acidosis include medications (such as metformin
and propofol), alcohol intoxication, and, rarely, malignancy.3
Malignancy-induced Type B lactic acidosis was first described
in 1963, observed in a patient with leukemia.4 Since then, there
have been case reports of lactic acidosis in patients with both
hematologic and, less commonly, solid tumor malignancies. In
the realm of solid tumors, metastatic small cell carcinoma and
undifferentiated carcinoma represent the leading causes identified
in the literature.2 We performed a literature search in MEDLINE
and PUBMED with search strategy of terms “lactic acidosis,”
“solid tumors,” and MeSH terms for “neoplasms” and “acidosis,
lactic,” respectively, from 1970 to 2018. Most cases of solid-tumor
Type B lactic acidosis in the literature (90% +) are associated
with liver metastases; indeed, there are only an isolated number
reported in the literature in recent years (Table 2). A 1992 review
article of malignancy-induced Type B lactic acidosis reported
three cases of solid-tumor-induced lactic acidosis without liver
metastases, one of which was a sarcoma, which rarely spreads to
the liver.5 A 2011 literature review subsequently found no cases
of solid-tumor-induced lactic acidosis without liver metastases
in a 10-year period.6 We report a case of a rare cause of lactic
acidosis arising in a breast cancer without known liver metastases;
a similar case does not appear to be reported in the literature.
The mechanism by which malignancy leads to Type B lactic
acidosis is not fully understood. However, popular speculation
suggests a form of aerobic glycolysis, termed the “Warburg
Effect.”3 As tumors expand, cancer cells frequently outgrow their
original blood supply. Survival of the fittest preferentially selects
those cells with maximal capacity for anaerobic (lactic-acidproducing) glycolysis. However, via the Warburg Effect, some
of these same cancer cells have developed the ability to engage
in anaerobic glycolysis even in the presence of oxygen (hence,
“aerobic glycolysis”).1 This leads to an overproduction of lactic
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Table 1. Laboratory Values

Lab variable

Normal reference range

Prior
admission
blood work

Prior admission
day 10 blood
work

Current
admission
blood work

Current
admission day 3
blood work

4.0–10.5 × 10 9/L

9.1

5.7

6.0

4.2

104

95

87

69
43

White cell count
Hemoglobin

12

3.7–5.1 × 10 /L
9

Platelets

150–400 × 10 /L

102

60

59

Calcium

2.25–2.80 mmol/L

3.09

2.62

2.82

Ionized calcium

1.15–1.32 mmol/L

1.45

1.41

Phosphate

0.74–1.52 mmol/L

1.07

1.26

Magnesium

0.66–1.07 mmol/L

0.86

0.91

Sodium

133–145 mmol/L

138

140

Potassium

3.7–5.5 mmol/L

4.5

4.3

4.4

Chloride

97–110 mmol/L

97

94

101

4–8 mmol/L

10.4

3.5–11.1 mmol/L

4.8

19–27 mmol/L

17

22

8

Anion Gap

8–12

24

24

29

Creatinine

0–85 umol/L

69

LDH

120–315 U/L

472

Uric acid

155–365 umol/L

349

Albumin

35–38 g/L

35

AST

10–35 U/L

32

Urea
Glucose, random
Total CO2

138

50

35
76

28

ALT

8–40 U/L

17

46

22

ALP

61–157 U/L

126

132

328

GGT

3–45 U/L

Bilirubin (total)
INR

0–17 umol/L

34
9

14

10
1.4

0.9–1.1

Lipase

0–79 U/L

BOHB

0.00–0.37 mmol/L

1.12

1.14

Lactate

0.5–2.2 mmol/L

15.3

>17

>17

7.32–7.43

7.35

7.08

7.22

40–50

32

27

27

37

18

15

8

11

VBG (pH)
VBG (pCO2)
VBG (pO2)
VBG (HCO3)
PTHrP
PTH
Thiamine

23

22–29

18

14–27 pg/mL

11

2.0–9.4 pmol/L

1

75–225 nmol/L

162

Serum osmolality

281–297 mmol/kg

309

Acetaminophen

54–112 umol/L

Blood cultures

<20
No growth

TSH

0.40–4.50 mIU/L

1.16

B12

140–650 pmol/L

196

Reticulocytes

30–120 × 10 9/L

72

Ferritin

4–205 ug/L

356

Folate

7–45 nmol/L

26

40

Volume 16, Issue 2, 2021

CJGIM_2_2021_177932.indd 40

Canadian Journal of General Internal Medicine

07/06/21 3:48 PM

Preti B et al.

Table 2. Reported Cases of Solid-Tumor-Induced Lactic Acidosis without
Liver Metastases

Case

Year

Tumor

Nair R, Shah U

2017

Lung primary

Rao KS, Mehta R, Ferlinz J

1988

Lung primary, Squamous cell
carcinoma

Stacpoole PW, Lichtenstein
ML Polk JR et al.

1981

Sarcoma

Fraley DS, Adler S, Bruns FJ,
Zett B

1980

Lung primary

acid, which may ultimately lead to lactic acidosis. It has been
hypothesized that the ability to engage in aerobic glycolysis lends
cancer cells an advantage in cell proliferation.7 Specifically, the
acidic environment created by lactate around cells may contribute
to genomic instability, local invasion, progression to metastatic
disease, and resistance to treatment.8 This process is more likely
to occur in the setting of liver metastases (and consequent
functional impairment) as roughly 80% of the body’s lactate is
metabolized in the liver.
Of course, not all malignancies lead to lactic acidosis. Risk
factors identified in the literature include nutritional deficiencies
(such as thiamine deficiency), hepatic or renal impairment (e.g.,
from liver metastases or chronic conditions), and a high rate
of tumor cell proliferation.3 Clinical examination is typically
nonspecific but may include Kussmaul respirations (tachypnoea
without hypoxia) and refractory hypoglycemia despite intravenous
dextrose administration.1
Treatment of malignancy-induced Type B lactic acidosis
is mainly supportive and the diagnosis itself conveys a poor
prognosis.4 Most patients diagnosed with malignancy-related
lactic acidosis will die within hours to months.7 The bestknown treatment is chemotherapy or systemic treatment of the
underlying malignancy.3 Supportive treatment with thiamine
supplementation has been shown to have no risk in the acute
setting, albeit the degree of potential benefit being unclear. Renal
replacement3 and bicarbonate drips3,7 have not been shown to
have any improvement or change in outcome.

Conclusion
Solid tumor malignancies without liver metastases represent a
rare cause of Type B lactic acidosis. However, malignancy is an
important cause of lactic acidosis and should be considered in
patients presenting with elevated serum lactate in the setting
of acidosis without clear hypoperfusion and tissue hypoxia,
particularly when routine measures such as antibiotics and
intravenous bicarbonate infusions do not induce improvement.
Canadian Journal of General Internal Medicine
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Finally, malignancy-associated lactic acidosis suggests a poor
overall prognosis.

Key Points
1. The causes for lactic acidosis expand beyond the typical
culprits for shock.
2. Risk factors for malignancy-associated lactic acidosis
include nutritional deficiencies, hepatic impairment,
renal impairment, and a high rate of cell proliferation.
3. Treatment for malignancy-associated lactic acidosis is
focused on treating the underlying malignancy.
4. Malignancy-associated lactic acidosis suggests a poor
overall prognosis.

Competing Interests
None.
This article has been peer reviewed.
The authors have obtained written patient consent.

Funding
None.

Contributors
All authors have contributed substantially and equally to the
data acquisition, interpretation, concept, and design of the
manuscript. Beatrice Preti reviewed the literature and drafted
the initial manuscript. Jasna Deluce and Siddhartha Srivastava
were involved with the case, described the case, and reviewed
and revised the manuscript. All authors gave final approval for
the version to be published and agreed to act as guarantors of
the work.

Acknowledgements
None.

References

1. Brault C, Zerbib Y, Delette C, et al. The Warburg effect as a type B lactic
acidosis in a patient with acute myeloid leukemia: A diagnostic challenge
for clinicians. Front Oncol. 2018;8:232. http://dx.doi.org/10.3389/
fonc.2018.00232
2. Gharia B, Seegobin K, Mahida H, et al. Fatal type B lactic acidosis associated
with metastatic colorectal cancer: A case report with review of literature,
pathogenesis, and treatment. J Investig Med High Impact Case Rep.
2018;8:2324709618788101. http://dx.doi.org/10.1177/2324709618788101
3. Claudino WM, Dias A, Tse W, Sharma VR. Type B lactic acidosis: A rare but
life threatening hematologic emergency. A case illustration and brief review
[Internet]. Am J Blood Res. 2018;5(1):25–9. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4497494/
4. Hausken J, Haave EM, Haugaa H, et al. A patient with solid gynecologic
cancer causing lactic acidosis, severe hypercalcemia, and hypoglycemia. Clin
Case Rep. 2018;7(1):64–70. http://dx.doi.org/10.1002/ccr3.1904
5. Warner E. Type B lactic acidosis and metastatic breast cancer. Breast Cancer
Res Treat. 1992;24:75–79. http://dx.doi.org/10.1007/BF01832361
Volume 16, Issue 2, 2021

41

07/06/21 3:48 PM

Ty p e B l a c t i c a c i d o s i s

6. Ruiz JP, Singh AK, Hart P. Type B lactic acidosis secondary to malignancy:
Case report, review of published cases, insights into pathogenesis, and
prospects for therapy. Scientific World Journal. 2011;11:1316–24. http://
dx.doi.org/10.1100/tsw.2011.125
7. Wahab A, Kesari K, Smith SJ, et al. Type B lactic acidosis, an uncommon
paraneoplastic syndrome. Cancer Biol Ther. 2018;19(2):101–4. http://dx.doi.
org/10.1080/15384047.2017.1394550

8. Ibrahim-Hashim A, Estrella V. Acidosis and cancer: From mechanism to
neutralization [Internet]. Cancer Metastasis Rev. 2019. Available from:
https://link.springer.com/article/10.1007%2Fs10555-019-09787-4

Want to share your research?
Submit to the CJGIM!
Reach your colleagues across Canada and abroad
Publish in the CJGIM!
•Peer-reviewed
•Included in the Emerging Citations Index
•Published quarterly
•Open-access and online-only
•CSIM members submit for FREE
Original Research · Clinical Reviews · Case Reports · Book Reviews
Scientific Meetings Research Days· Abstracts · And More!

For more information
www.cjgim.ca
@CJGIMJournal

42

V o l u m e 1 6 , Issue 2 , 2 0 2 1

CJGIM_2_2021_177932.indd 42

Canadian Journal of General Internal Medicine

07/06/21 3:48 PM

Case Reports and Clinical Images

Fever of Multiple Possible Origins: Acquired
Hemophagocytic Lymphohistiocytosis in the Context
of Pyelonephritis, Newly Diagnosed Systemic Lupus
Erythematosus, and an Ulcer of the Aortic Arch
David Spillane, MDCM1,2, Jeffrey Wiseman, MD, Med1,2

1

McGill University Health Center, Montreal, QC, Canada; 2McGill University, Montreal, QC, Canada
Author for correspondance: Jeffrey Wiseman: jeffrey.wiseman@mcgill.ca

Received: 13 February 2020; Accepted after revision: 27 April 2020; Published: 21 June 2021
DOI: https://doi.org/10.22374/cjgim.v16i2.461

Abstract
A 60-year-old man presented with 1 week of fever despite broad-spectrum antibiotics for presumed
pyelonephritis based on extended spectrum bacteriuria, recent bladder catheterization, and a
negative search for other infections. He developed a maculopapular truncal rash, and pancytopenia
with persistent fevers and worsening inflammatory markers despite modifying then stopping
antibiotics. The non-specific clinical features at presentation and absence of hemophagocytosis
on the initial bone marrow aspirate confounded multiple subspecialists and delayed the final
diagnosis of hemophagocytic lymphohistiocytosis (HLH). Once this syndrome was elucidated,
he responded well to dexamethasone and etoposide. An underlying diagnosis of systemic lupus
erythematosus with aortic vasculitis was made, which in combination with pyelonephritis likely
precipitated HLH. We summarize current concepts, pitfalls, and lessons learned in the diagnosis
and management of HLH.

Résumé
Un homme de 60 ans se présente à l’hôpital à la suite d’une semaine de fièvre malgré la prise
d’antibiotiques à large spectre pour traiter une pyélonéphrite soupçonnée, fondée sur une
bactériurie à spectre étendu, un cathétérisme vésical récent et une recherche infructueuse d’autres
infections. Il a développé une éruption cutanée maculopapulaire sur le tronc et une pancytopénie
accompagnée d’une fièvre persistante et d’une augmentation des marqueurs de l’inflammation
malgré la modification, puis l’arrêt des antibiotiques. Les manifestations cliniques non spécifiques
à la présentation et l’absence d’hémophagocytose lors de la ponction médullaire initiale ont
confondu de multiples surspécialistes et retardé le diagnostic définitif de lymphohistiocytose
hémophagocytaire (LHH). Une fois que ce syndrome a été élucidé, le patient a bien répondu au
traitement par la dexaméthasone et l’étoposide. Un diagnostic sous-jacent de lupus érythémateux
systémique accompagné d’une vascularite de l’aorte a été posé qui, combiné à la pyélonéphrite,
a probablement précipité la LHH. Nous résumons les concepts actuels, les pièges et les leçons
apprises dans le diagnostic et la prise en charge de la LHH.
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Case Report
A 60-year-old man, who immigrated to Canada from Punjab
30 years prior, presented to another hospital with abdominal
pain. He was known for a history of hypertension, non-alcoholic
steatohepatitis, and obstructive sleep apnea. He was noted to be
in urinary retention and was discharged home with an indwelling
Foley catheter.
At home, he experienced recurrent fevers over the following
week, and presented to a second hospital. Urine cultures grew
extended-spectrum beta lactamase-producing E. coli. He was
treated for presumed acute pyelonephritis with PiperacillinTazobactam and the urinary catheter was removed. Subsequently,
an erythematous maculopapular facial and truncal rash appeared
along with progressive leukopenia and thrombocytopenia, with
mild anemia. Antibiotics were stopped given concern for a drug
reaction, and he was transferred to our tertiary care institution
for further work-up.
At presentation, he was afebrile and vitally stable. He was
noted to have facial edema with a maculopapular rash affecting
his face and trunk. There were several oral ulcers. His abdomen
was benign, without hepatosplenomegaly. There was no
lymphadenopathy. Cardiorespiratory exam was unremarkable.
He was noted to have a leukocyte count of 1.2 × 109 cell/L,
neutrophil count of 0.51 × 109 cell/L, platelet count of 43 × 109
cell/L, triglyceride level of 3.44 mmol/L, ferritin level of 2408 g/L,
and a fibrinogen level of 2.90 g/L. Blood cultures were sterile.
Computed tomography (CT) scans of the chest and abdomen
revealed small areas of consolidation in the right upper and
middle lobes and a small lung nodule, with slightly enlarged
axillary, supraclavicular, mediastinal, and hilar nodes. There were
traces of retroperitoneal fluid around the pancreas. The spleen
was 13.5 cm. A subsequent positron emission tomography (PET)
scan showed no significant fluorodeoxyglucose (FDG) avidity
in the lymph nodes and lung nodule. Skin biopsy showed mild,
non-specific inflammatory changes, without evidence of drug
reaction with eosinophilia and systemic symptoms (DRESS).
Lymph node biopsy was non-diagnostic, and bone marrow
biopsy was unremarkable. Multiple induced sputa were negative
for acid-fast bacilli.
The patient’s fevers soon recurred despite starting meropenem.
He became increasingly delerious without focal features on
neurologic examination, and without meningismus. An MRI of
the head was normal. Repeat cultures were still sterile. In light
of his worsening condition, a consensus decision between the
involved subspecialty services was made to start pulse steroids
(solumedrol 100 mg IV q12 h). At this time, the presence of
tuberculosis had not been ruled out, so he was started on quadruple
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therapy with rifampin, INH, pyrazinamide, and ethambutol to
prevent TB activation.
Despite an initial improvement with steroids, he again
deteriorated, requiring ICU admission and intubation for
distributive shock secondary to his severe inflammatory state. At
this time, his laboratory parameters had worsened: triglyceride
peak of 7.08 mmol/L, ferritin peak of 16,115 g/L. He now met
4/8 clinical criteria for hemophagocytic lymphohistiocytosis
(HLH), but had an HScore of 212 (93–96% probability of HLH),
so a diagnosis of HLH was favored. Steroids were switched to
dexamethasone, and etoposide was started. Quadruple therapy
was switched to INH given interaction between etoposide and
the other tuberculosis (TB) drugs and a lower suspicion of
tuberculosis at that time. A second bone marrow biopsy was
performed and showed hemophagocytosis (Figure 1).
Work-up for predisposing conditions was notable for positive
anti-nuclear antibodies, anti-double stranded DNA antibodies,
and anti-histone antibodies, consistent with underlying systemic
lupus erythematosus in the context of his rash and oral ulcers. He
was eventually transitioned to steroid-sparing drugs mycophenolic
acid and hydroxychloroquine.
The patient’s condition improved and he was discharged
to a rehabilitation facility. He returned 2 days after discharge
following a fall without change in consciousness. A CT angiogram
of the chest, done to rule out pulmonary embolism, revealed a

Figure 1. Bone marrow aspirate showing hemophagocytosis. Activated histiocyte
engulfing erythrocytes, platelets (A). Early erythroid precursor undergoing
phagocytosis (B). Erythrocyte undergoing phagocytosis (C). Platelets undergoing
phagocytosis (D).
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non-penetrating ulcer of the aortic isthmus which was felt to
be secondary to lupus vasculitis. Serial CT scans have shown
ulcer stability. The patient is now well and has returned to his
previous activities.

Discussion
HLH is a clinical syndrome characterized by an exaggerated
systemic inflammatory response secondary to unregulated
activation of cytotoxic T lymphocytes and natural killer cells.
HLH is classified as primary (aka genetic) HLH, or secondary
(aka acquired) HLH.
Primary HLH is predominantly a pediatric disease but has
been described in adults. Secondary HLH is usually seen in adults,
and may be precipitated by infection, malignancy, or rheumatic
disease. In infection-associated HLH, responsible for 50% of
secondary HLH,1 the most commonly identified organisms are
viral, particularly EBV, HIV, and CMV.1,2 Malignancy-associated
HLH, 48% of cases,1 occurs mostly in T-cell lymphomas and
leukemias, but may occur with other hematologic or even solid
malignancies, and in the context of chemotherapy (especially if the
treatment course is complicated by infection).1,3 HLH associated
with rheumatologic conditions is rare but may arise in systemic
lupus erythematosus, adult onset Still’s disease, systemic onset
juvenile idiopathic arthritis and other autoimmune disorders.1
HLH that is due to rheumatologic conditions is commonly called
macrophage activation syndrome (MAS).
HLH is associated with significant patient mortality, ranging
from 20 to 88%.4 Therefore, it is important for clinicians to
consider this diagnosis, particularly in patients with evidence
of systemic inflammation not responding to other therapy such
as broad-spectrum antibiotics or tumor-specific chemotherapy.
Diagnostic criteria for HLH were developed by the Histiocyte
Society in the HLH-1994 clinical trial.5 The criteria were refined
for the HLH-2004 clinical trial (Table 1).6 Five of the eight
clinical features are needed for diagnosis of acquired HLH: fever
>38.5 C, splenomegaly, cytopenias affecting ≥2 of 3 lineages
(hemoglobin <90 g/L, platelets < 100 × 109 cells/L, neutrophils
<1.0 × 109 cells/L), hypertriglyceridemia (2.0 mmol/L), and/or
hypofibrinogenemia (1.5 g/L), hemophagocytosis, ferritin >500
mcg/L, low/absent NK cell activity, and soluble CD25 elevation.
Alternatively, familial HLH may be diagnosed with molecular
studies demonstrating mutation in one of seven known HLHassociated genes: PRF1, UNC13D, STXBP1, RAB27A, STX11,
SH2D1A, or XIAP.
Notably, these diagnostic criteria were established in pediatric
patients. In addition, their use is limited by the lack of weighted
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importance for each criterion, and the difficulty in measuring
certain parameters such as NK cell activity and IL-2R levels.
To assist in the diagnosis of HLH in adults, clinicians may
use the HScore, an HLH probability calculator.7 It calculates
the probability of HLH based on several weighted clinical
parameters, most of which are diagnostic criteria from HLH2004 (Table 2). The HScore was found to have a sensitivity of
93% and specificity of 86% when the optimal cutoff value of
169 is used.7 The HScore is more reliable that the HLH-2004
criteria in diagnosing HLH in both pediatric and adult patients.8
Use of the HScore can also facilitate diagnosis in critically ill
patients, in whom the HLH-2004 criteria are less sensitive.9
Further confusing matters, critically ill patients are more likely
to have hemophagocytosis in the absence of HLH.9 As well,
hemophagocytosis is not required for diagnosis of HLH, and is
absent in 30–40% of cases.10,11 Therefore, hemophagocytosis is
neither sufficient nor required for diagnosis of HLH.
Treatment protocols are based on the HLH-94 guidelines
for treatment of primary HLH in children.5 According to this
protocol, dexamethasone is given daily and tapered every week.
Etoposide is given twice weekly, then at gradually increasing
intervals. Cyclosporin treatment begins as early as Week
3. Intrathecal methotrexate is given for select patients with
neurological symptoms not responsive to steroids, etoposide, and
cyclosporin. Earlier administration of cyclosporin was assessed
in the HLH-2004 trial, but outcomes were not significantly
different.6 Many pediatric patients will benefit from subsequent
allogeneic stem cell transplant.
These protocols were developed for use in children, in
whom HLH is almost always primary. There have been no
large-scale clinical trials establishing the optimal treatment for
adults. Therefore, management recommendations for HLH in
adults are provided by the HLH in adults working group of the
Histiocyte Society based on consensus expert opinion.12
These recommendations suggest that the HLH-94 protocol is
highly effective for adults but may result in unnecessary toxicities
in older individuals with other comorbidities. Individualized
treatment protocols should thus be considered, such as dose
reductions and shorter treatment durations. Depending on
the underlying precipitant, different treatment protocols are
suggested (Table 3).
The treatment differs most substantially for MAS, where
high-dose pulse corticosteroids are the mainstay, and cyclosporin,
interleukin-1 antagonists and interleukin-6 antagonists may
be considered. Dexamethasone and etoposide are reserved for
severe or refractory cases.
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Table 1. HLH-2004 Diagnostic Criteria
Mutation in any familial HLH-associated genes:
PRF1, UNC13D, STXBP1, RAB27A, STX11, SH2D1A, XIAP

A. Molecular diagnostic criteria for HLH

Fever > 38.5C
Splenomegaly
Cytopenias affecting ≥ 2 of 3 lineages (hemoglobin < 90 g/L, platelets <
100 × 109 cells/L, neutrophils < 1.0 × 109 cells/L)
Hypertriglyceridemia (2.0 mmol/L) AND/OR hypofibrinogenemia (1.5 g/L)
Hemophagocytosis
Ferritin > 500 mcg/L
Low/absent NK cell activity
Soluble CD25 elevation

B. Five out of eight clinical criteria for HLH

Fulfillment of either A) or B) is required for diagnosis of HLH. Adapted from Henter et al.6

Table 2. The HScore

Clinical feature

HScore points

Known underlying immunosuppression

No = 0 pts
Yes = 18 pts

Temperature (Celsius)

<38.4 = 0 pts
38.4–39.4 = 33 pts
>39.4 = 49 pts

Number of cytopenias

1 lineage = 0 pts
2 lineages = 24 pts
3 lineages = 34 pts

Ferritin (ng/L)

<2000 = 0 pts
2000–6000 = 35 pts
>6000 = 50 pts

Triglyceride (nmol/L)

<1.5 = 0 pts
1.5–4 = 44 pts
>4 = 64 pts

Fibrinogen (g/L)

>2.5 = 0 pts
≤ 2.5 = 30 pts

Serum aspartate transaminase (IU/L)

<30 = 0 pts
≥30 = 19 pts

Hemophagocytosis features on bone marrow aspirate

No = 0 pts
Yes = 35 pts

Probability of HLH
90 pts = <1%
100 pts = 1%
110 pts = 3%
120 pts = 5%
130 pts = 9%
140 pts = 16%
150 pts = 25%
160 pts = 40%
170 pts = 54%
180 pts = 70%
190 pts = 80%
200 pts = 88%
210 pts = 93%
220 pts = 96%
230 pts = 98%
240 pts = 99%
250 pts = >99%

Weighted scores for clinical features of HLH and the probability of HLH based on total points. Adapted from Fardet et al.7

Often, HLH patients will require supportive management in
the intensive care unit. This can be necessitated due to multiple
organ failures, including vasoplegia,13,14 acute respiratory
distress syndrome,13,15 neurological symptoms such as coma
and seizures,1,13,16 liver failure,13 coagulopathies particularly
as a result of hypofibrinogenemia,13,17 and kidney failure.13,18
This case highlights the importance of including HLH in
the differential diagnosis of patients presenting with fever or
46
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cytokine storm particularly if sepsis or malignancy is suspected
and the patient is not responding to appropriate therapy.
Application of the HLH-2004 clinical criteria and HScore can
be useful in diagnosing this uncommon condition. Importantly,
the absence of hemophagocytosis should not deter treatment if
HLH is suspected, as it is not required for diagnosis. Treatment
in adults should be highly individualized and based on the
HLH-94 protocol.
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Table 3. Summary of Treatment Protocols for Secondary HLH in Adults

Triggered by
malignancy

Steroids/IVIG

Etoposide

First-line
corticosteroids ± IVIG
prior to tumor-specific
treatment

May be
given prior to
tumor-specific
treatment
or added to
tumor-specific
treatments such
as CHOP

CNS agents

Stem cell transplant Other comments

Consider if
evidence of CNS
involvement

Autologous or allogeneic
SCT considered for those
eligible for treatment
intensification and in
young patients with HLH
and EBV-driven lymphoma
who may have HLHassociated mutations on
germline genetic testing

Malignancyassociated HLH

Associated with
chemotherapy

Triggered by
EBV

First-line
corticosteroids ± IVIG

First-line
corticosteroids ± IVIG

InfectionFirst-line
associated HLH Triggered by HIV
corticosteroids ± IVIG
Triggered by
other infections

Rheumatic
–
HLH (aka MAS)

Generally not required

First-line
corticosteroids with
high-dose pulse
methylprednisolone

Consider germline
genetic testing for HLH
mutations in younger
patients with HLH and
lymphoma, particularly
EBV-driven lymphoma

Consider this diagnosis
when cytopenias are
prolonged, persistent
fevers despite
antimicrobial therapy,
other HLH features

Avoid use
if possible,
to allow for
bone marrow
recovery

–

Use if rapid
clinical
deterioration or
severe disease

–

SCT may be considered for
those with increasing or
persistently high EBV DNA

May consider
rituximab to target EBV
replication in B cells

May be given
for severe
disease

–

–

Consider HIV directed
therapy

Generally not
required

–

–

Treatment of underlying
infection is usually
sufficient.

Reserved
for patients
with severe
disease or CNS
involvement
despite steroids,
cyclosporin
or interleukin
antagonists

–

Also need to consider
recurrent/refractory
malignancy as the
trigger

MAS treatment differs
from other HLH
treatment. A highly
personalized treatment
approach is suggested,
with high-dose steroids
as the mainstay of
treatment.
–

–
Cyclosporin,
interleukin-1 or
-6 antagonists
(eg. Anakinra
and tocilizumab,
respectively) can be
added in refractory
cases

Adapted from La Rosee et al.12

Canadian Journal of General Internal Medicine

CJGIM_2_2021_177932.indd 47

Volume 16, Issue 2, 2021

47

07/06/21 3:48 PM

Fe v e r o f m u l t i p l e p o s s i b l e o r i g i n s

Acknowledgements
We would like to thank Dr. Gizelle Popradi for providing
information and assisting with the labelling of Figure 1.

References

1. Ramos-Casals M, et al. Adult haemophagocytic syndrome. Lancet.
2014;383(9927):1503–16. http://dx.doi.org/10.1016/S0140-6736(13)61048-X
2. Rouphael NG, et al. Infections associated with haemophagocytic
syndrome. Lancet Infect Dis. 2007;7(12):814–22. http://dx.doi.org/10.1016/
S1473-3099(07)70290-6
3. Lehmberg K, et al. Consensus recommendations for the diagnosis and
management of hemophagocytic lymphohistiocytosis associated with
malignancies. Haematologica. 2015;100(8):997–1004.
4. Hayden A, et al. Hemophagocytic syndromes (HPSs) including
hemophagocytic lymphohistiocytosis (HLH) in adults: A systematic
scoping review. Blood Rev. 2016;30(6):411–20. http://dx.doi.org/10.1016/j.
blre.2016.05.001
5. Henter JI, et al. Treatment of hemophagocytic lymphohistiocytosis with
HLH-94 immunochemotherapy and bone marrow transplantation. Blood.
2002;100(7):2367–73. http://dx.doi.org/10.1182/blood-2002-01-0172
6. Henter JI, et al. HLH-2004: Diagnostic and therapeutic guidelines for
hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. 2007;48(2):124–
31. http://dx.doi.org/10.1002/pbc.21039
7. Fardet L, et al. Development and validation of the HScore, a score for the
diagnosis of reactive hemophagocytic syndrome. Arthritis Rheumatol.
2014;66(9):2613–20. http://dx.doi.org/10.1002/art.38690
8. Debaugnies F, et al. Performances of the H-score for diagnosis of
hemophagocytic lymphohistiocytosis in adult and pediatric patients. Am J
Clin Pathol. 2016;145(6):862–70. http://dx.doi.org/10.1093/ajcp/aqw076

48

V o l u m e 1 6 , I s s u e 2, 2 0 2 1

CJGIM_2_2021_177932.indd 48

9. Meena NK, et al. The performance of diagnostic criteria for hemophagocytic
lymphohistiocytosis in critically ill patients. J Intensive Care Med.
2020;35(12):1476–82. http://dx.doi.org/10.1177/0885066619837139
10. Gupta A, et al. The role of the initial bone marrow aspirate in the diagnosis of
hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. 2008;51(3):402–
4. http://dx.doi.org/10.1002/pbc.21564
11. Riviere S, et al. Reactive hemophagocytic syndrome in adults: A retrospective
analysis of 162 patients. Am J Med. 2014;127(11):1118–25. http://dx.doi.
org/10.1016/j.amjmed.2014.04.034
12. La Rosee P, et al. Recommendations for the management of hemophagocytic
lymphohistiocytosis in adults. Blood. 2019;133(23):2465–77. http://dx.doi.
org/10.1182/blood.2018894618
13. Lemiale V, et al. Management of hemophagocytic lympho-histiocytosis in
critically ill patients. J Intensive Care Med. 2020;35(2):118–27. http://dx.doi.
org/10.1177/0885066618810403
14. Buyse S, et al. Critical care management of patients with hemophagocytic
lymphohistiocytosis. Intensive Care Med. 2010;36(10):1695–702. http://
dx.doi.org/10.1007/s00134-010-1936-z
15. Emmenegger U, et al. Reactive macrophage activation syndrome: A simple
screening strategy and its potential in early treatment initiation. Swiss Med
Wkly. 2002;132(17–18):230–6.
16. Haddad E, et al. Frequency and severity of central nervous system lesions
in hemophagocytic lymphohistiocytosis. Blood. 1997;89(3):794–800. http://
dx.doi.org/10.1182/blood.V89.3.794
17. Han AR, et al. Lymphoma-associated hemophagocytic syndrome: Clinical
features and treatment outcome. Ann Hematol. 2007;86(7):493–8. http://
dx.doi.org/10.1007/s00277-007-0278-6
18. Aulagnon F, et al. Acute kidney injury in adults with hemophagocytic
lymphohistiocytosis. Am J Kidney Dis. 2015;65(6):851–9. http://dx.doi.
org/10.1053/j.ajkd.2014.10.012

Canadian Journal of General Internal Medicine

07/06/21 3:48 PM

Case Reports and Clinical Images

Weight Loss-Based Nutraceuticals: A Rare Cause of
Thyrotoxicosis and Thyrotoxic Periodic Paralysis
Shirley Shuster, Caitlyn Vlasschaert, Sara Awad

Queen’s University, Kingston, Ontario, Canada
Author for correspondence: Shirley Shuster: sshuster@qmed.ca

Received: 13 February 2020; Accepted after revision: 27 April 2020; Published: 21 June 2021
DOI: https://doi.org/10.22374/cjgim.v16i2.470

Abstract
Thyrotoxic periodic paralysis (TPP) is characterized by muscle weakness, areflexia, and
hypokalemia in the setting of thyrotoxicosis. We present the case of a 32-year-old male with multiple
presentations to the emergency department for lower limb weakness, tremors, diaphoresis, and
tachycardia. His initial blood work revealed T3-toxicosis and hypokalemia, and he was treated
for TPP with intravenous fluids and potassium supplementation. He had been ingesting weight
loss supplements containing iodine, kelp, licorice, and likely undeclared thyroid hormones or
mimics. Following discontinuation of supplements, all laboratory investigations normalized and
thyrotoxicosis symptoms resolved. This case illustrates that ingestion of thyroid hormone-based
nutraceuticals should be considered as a cause of thyrotoxicosis and TPP.

Résumé
La paralysie périodique thyréotoxique (PPT) se caractérise par de la faiblesse musculaire, une
aréflexie et une hypokaliémie dans le contexte de la thyréotoxicose. Nous exposons le cas d’un
homme de 32 ans qui s’est présenté au service des urgences pour de multiples symptômes, soit
une faiblesse des membres inférieurs, des tremblements, une diaphorèse et une tachycardie. Son
bilan sanguin initial a révélé une toxicose-T3 et une hypokaliémie, et il a été traité contre la PPT
par des solutés intraveineux et une recharge en potassium. Il ingérait des suppléments pour la
perte de poids contenant de l’iode, de la laminaire, de la réglisse et probablement des hormones
thyroïdiennes ou leurs analogues non déclarés. Après l’arrêt des suppléments, tous les examens
de laboratoire sont revenus à la normale et les symptômes de thyréotoxicose ont disparu. Ce
cas montre que l’ingestion de nutraceutiques à base d’hormones thyroïdiennes devrait être
considérée comme une cause de la thyréotoxicose et de la PPT.

Introduction
Thyrotoxic periodic paralysis (TPP) is a rare disorder
characterized by transient muscle weakness and hypo- or
areflexia, with concurrent hypokalemia in the setting of
thyrotoxicosis.1–6 TPP is most often a complication of Graves’
disease (GD) but it can arise from any cause of thyrotoxicosis.
Signs and symptoms of thyrotoxicosis may be subtle and may
present only after the onset of weakness. The mainstay of
treatment includes beta-adrenergic blockade, cautious potassium
Canadian Journal of General Internal Medicine

CJGIM_2_2021_177932.indd 49

replacement to prevent rebound hyperkalemia, and treating the
underlying etiology of thyrotoxicosis.1–6 Previous case reports
have described cases of TPP from thyroid hormone-based
dietary supplements.3,7 We describe the clinical presentation,
diagnosis, and management of a patient who developed TPP
after taking weight loss supplements containing iodine, kelp,
licorice, and likely undeclared thyroid hormone or mimics.
This case aims to illustrate the use of nutraceuticals as a cause
of thyrotoxicosis and TPP.
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Case Report
In March 2019, a 32-year-old Caucasian male presented
with a six-week history of clinical thyrotoxicosis including
palpitations, diaphoresis, heat intolerance, hand tremors,
increased bowel frequency, 75-pound weight loss, and proximal
muscle weakness. Investigations for suspected thyrotoxicosis
revealed a suppressed thyroid-stimulating hormone (TSH) of
<0.01 mIU/L (reference range (RR) 0.40–4.50), with low free
T4 (fT4) at 7 pmol/L (RR 9–19) and elevated free T3 (fT3) at
12 pmol/L (RR 4–6.8; Table 1). At that time, the patient was
taking kelp and iodine weight loss supplements, which he was
advised to discontinue. He was started on methimazole 5 mg
daily for a likely diagnosis of GD. He had negative anti-thyroid
peroxidase antibodies and TSH receptor antibodies, and low
normal thyroglobulin level 7.0 pmol (RR 0–52.9), as well as a
normal thyroid radioiodine uptake scan of 23% (2 weeks off
methimazole, 2 months off iodine supplements, and on a low
iodine diet). Thyroid indices 1 week prior to the scan revealed
normal TSH at 2.01 mIU/L, low fT4 8 pmol/L, and normal
fT3 at 3.8 pmol/L. He was followed regularly and his thyroid
hormone indices remained normal while off methimazole and
supplements. Therefore, he was thought to have had thyroiditis
that recovered rather than GD.
The patient remained asymptomatic until early October
2019, when he presented to the emergency department (ED) with

lower limb muscle weakness. Blood work showed suppressed
TSH <0.01 mIU/L, low fT4 6 pmol/L, and high fT3 15 pmol/L.
He reported increased restlessness, and physical examination
revealed mild tremors in both hands, diaphoresis, sinus tachycardia,
and positive lid lag. Thyroid exam was normal with no palpable
nodules or enlargement and no thyroid bruits. There were
no physical examination features suggestive of GD including
no acropachy, orbitopathy, or pretibial myxedema. Serum
potassium (K+) was low at 3.1 mmol/L (RR 3.7–5.3) and serum
magnesium (Mg2+) was 0.59 mmol/L (RR 0.66–1.07). The patient
was given 10 mmol intravenous (IV) potassium chloride (KCl)
and 2 g IV magnesium sulfate. His weakness resolved rapidly
with normalization of serum K+ and Mg2+. He was prescribed
bisoprolol 2.5 mg daily to control hyperadrenergic symptoms,
and then discharged home with planned close endocrinology
follow-up for further investigations and management.
The patient re-presented to the ED 4 days later with sudden
onset of generalized flaccid paralysis. He was diaphoretic and
tachycardic at 100 bpm. He exhibited complete upper and lower
limb paralysis, areflexia of the lower limbs, and bilateral fine hand
tremors. He admitted to eating a high carbohydrate meal the night
prior to his presentation but denied vigorous exercise. Blood work
revealed severe hypokalemia at 1.7 mmol/L, low TSH 0.07 mIU/L,
and low fT4 6 pmol/L, with fT3 initially pending. ECG demonstrated
findings consistent with severe hypokalemia (Figure 1).

Figure 1. Initial ECG at time of presentation with K+ 1.7 mmol/L. Significant changes include prolonged PR interval, prolonged QT interval, diffuse T-wave
inversions, and U waves.
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A pituitary panel was sent, which revealed normal growth
hormone, prolactin, cortisol, and ACTH. Interestingly, total
testosterone was elevated at 36.6 nmol/L (RR 6–34) with suppressed
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) suggesting secondary hypogonadism. He admitted to taking
non-prescribed testosterone cypionate 350 mg intramuscularly
weekly to increase his muscle bulk. He was admitted to hospital
and was given a total of 150 mmol oral potassium and 50 mmol
IV KCl. He, subsequently, developed rebound hyperkalemia with
K+ 6.1 mmol/L. Potassium supplementation was discontinued,
and K+ and ECG normalized at the time of discharge (Figure 2).
Bisoprolol was switched to propranolol 10 mg twice daily
upon discharge. Based on his prior ED presentation with
elevated fT3, he was suspected to have T3-toxicosis and as a
result, methimazole 10 mg daily was started with endocrinology
follow-up in 2 weeks’ time. Surprisingly, 3 days later, the fT3 level
drawn during hospital admission came back low at 2.2 pmol/L
and he was advised to discontinue methimazole.
In addition to the testosterone injections, our patient took
multiple supplements marketed for exercise tolerance and weight
loss for the prior 4 weeks, which contained: (i) caffeine (160
mg) and green coffee blend (400 mg); (ii) ginseng with 150 µg
iodine; (iii) multiple algae including 20 mg kelp, 10 mg nori, 20
mg wakame, 25 mg dulse; (iv) 450 mg yohimbe extract; and (v)
100 mg licorice root extract. He denied having taken diuretics
or exogenous thyroid hormones, however it is possible that the

supplements contained undeclared thyroid hormone or mimics.
We advised him to discontinue all supplements. Repeat thyroid
indices completely normalized after 4 weeks. He remains off
the supplements and has not had any recurrence of clinical or
biochemical thyrotoxicosis or TPP.

Discussion
We describe a case of a Caucasian male who developed
thyrotoxicosis and TPP. While the clinical presentation of TPP
is similar to that of familial hypokalemic periodic paralysis
(FHPP), classically caused by mutations in a calcium channel
gene, no clear genetic predisposition exists for TPP.8–10 TPP
occurs more commonly in the Asian male population, but it is
also seen in 0.2% non-Asians with thyrotoxicosis.2,3 Paralysis
in TPP occurs due to hypokalemia that results from increased
Na+/K+ adenosine triphosphatase (ATPase) pump activity from
thyrotoxicosis-mediated beta-adrenergic stimulation2,4–6. Other
Na+/K+ ATPase pump activators can exacerbate hypokalemiainduced muscle weakness in TPP such as vigorous exercise,
endogenous insulin surge after ingestion of high carbohydrate
meal, or androgens which explains the male predominance seen
in TPP.1,2,4–6 The ingestion of a high carbohydrate meal and
use of testosterone increased our patient’s risk for developing
hypokalemia and paralysis in the context of TPP.
TPP is most often a complication of GD; however, it can
occur secondary to thyrotoxicosis of any etiology such as

Figure 2. ECG at time of discharge with K+ 5.0 mmol/L.
Canadian Journal of General Internal Medicine

CJGIM_2_2021_177932.indd 51

Volume 16,Issue 2, 2021

51

07/06/21 3:48 PM

Weight loss-based nutraceuticals

Table 1. Timeline of Clinical Presentation and Corresponding Biochemical Abnormalities

Date

Event

Intervention

TSH (mIU/L)
(RR 0.40–4.50)

fT4 (pmol/L)
(RR 9–19)

fT3 (pmol/L)
(RR 4–6.8)

Potassium
(mmol/L) (RR
3.7–5.3)

<0.01

7

12

Not done

March 2019

Initial presentation of
thyrotoxicosis

Started on
methimazole
and bisoprolol
(unknown doses)

April 2019

Initial consultation
with Endocrinology

N/A

2.01

8

3.8

Not done

June 2019

N/A

Methimazole
and bisoprolol
discontinued 1
month prior

2.92

8

4.4

Not done

July 2019

N/A

N/A

2.45

11

Not done

Not done

August 2019

N/A

N/A

2.27

12

Not done

Not done

October 8, 2019

Initial ED visit with
lower limb muscle
weakness

Started on
bisoprolol 2.5 mg
daily, methimazole
10 mg daily

<0.01

6

15

3.1

October 13, 2019

Second ED visit with
flaccid paralysis

Bisoprolol switched
to propranolol 10
mg twice daily;
methimazole
discontinued

0.07

6

2.2

1.7

November 2019

First follow-up visit
with Endocrinology

All medications
and supplements
discontinued

3.30

9

3.9

4.4

December 2019

Second follow-up visit
with Endocrinology

All medications and
supplements remain
discontinued

3.07

10

4.4

4.2

the thyrotoxic phase of thyroiditis, exogenous use of thyroid
hormone supplements, or toxic thyroid nodules.1–6 Our patient
had objective muscle weakness on at least two separate occasions
with documented hypokalemia, and suppressed TSH in the
context of nutraceutical use for weight loss. Although some of
our patient’s symptoms could have been attributed to the side
effects of certain ingredients in the supplements independent
of thyroid function (e.g., adrenergic stimulation by caffeine,11
pseudohyperaldosteronism secondary to chronic licorice
consumption,12 and so on ), they would not cause concurrent
abnormal thyroid function tests. Ingredients high in iodine, such
as kelp and other algae,13 may directly lead to thyrotoxicosis
and TPP.
Weight loss supplements are typically not regulated by
federal health authorities and may therefore contain undeclared
thyroid hormone or mimics.14,15 Poon et al. described three
52
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patients who developed factitious thyrotoxicosis after taking
supplements containing undeclared animal thyroid tissue.16
Kang et al. found that 9/10 analyzed herbal dietary supplements
contained undeclared, but detectable T3 and/or thyroxine (T4)
content.17 There are also a few reported cases of patients who
developed TPP following the use of a thyroid hormone analog,
tiratricol.3,7 Tiratricol is an active derivative of triiodothyronine
(T3), which has enhanced thyromimetic effects compared to T4.7
There have been two warnings issued by the FDA about the risk
of thyrotoxicosis with tiratricol use.7,18 Our patient denied having
taken tiratricol, but it is possible that his supplements contained
undeclared T3 (or analog) causing T3-toxicosis with elevated
fT3, low fT4, and suppressed TSH on his first ED presentation,
similar to previously reported cases.14,15 However, fT3 may be low
in cases where the exogenous thyroid hormone source has been
discontinued a few days prior to symptom onset, given the short
Canadian Journal of General Internal Medicine

07/06/21 3:48 PM

Shuster S et al.

half-life of T3,7 as it was observed on his second ED presentation.
Thyroglobulin level is a useful biochemical test to distinguish
endogenous from exogenous thyrotoxicosis.19 It is suppressed
in cases of thyrotoxicosis factitia but increased in endogenous
thyrotoxicosis. However, thyroglobulin levels should be interpreted
along with anti-thyroglobulin antibodies since positive antibodies
will interfere with the thyroglobulin assay causing falsely high
or low thyroglobulin levels.19 The patient’s thyroglobulin level
was checked when his anti-thyroglobulin antibody was 3 IU/
mL (RR 0–3). Although the patient’s thyroglobulin level was not
suppressed, it was at the lower limit of normal with a low free
T4, making it more likely a result of exogenous use of, possibly,
thyroid hormones or thyroid hormone-based nutraceuticals.
Hypokalemia in TPP results from an intracellular potassium
shift rather than total body depletion. Therefore, rebound
hyperkalemia is a common complication following potassium
repletion, and judicious replacement is warranted.1,2,4–6,20 Of the
nine TPP cases reviewed by Clarine et al., six patients developed
rebound hyperkalemia.5 Manoukian et al. reviewed 24 TPP
cases and concluded that potassium replacement should not
exceed 90 mEq KCl within 24 h, unless there is a concurrent
reason for potassium wasting, such as gastrointestinal or renal
losses.20 Treatment of the underlying cause of thyrotoxicosis is
the mainstay of prevention of recurrent episodes.

Conclusion
This case illustrates the thyrotoxic effects of weight loss-based
nutraceuticals containing iodine, kelp, licorice, and likely undeclared
thyroid hormones or mimics. In this case, their ingestion resulted
in clinical and biochemical thyrotoxicosis and TPP in a young
healthy male. This case demonstrates that the ingestion of thyroid
hormone-based nutraceuticals should be considered as a cause
of thyrotoxicosis and TPP, and it is important to ensure its
timely, accurate diagnosis and management. A detailed history
of over-the-counter supplements should be obtained, and most
importantly, clinicians should educate patients about the risks
of using these widely available but loosely regulated products.
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Get to the heart of the matter.
Echocardiogram of the right heart can reveal
pulmonary arterial hypertension (PAH).1
Time is a factor.
Prompt referral to a PH Centre ensures timely diagnosis
and can make a difference in patient outcomes.1,2
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