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Background: Myasthenia gravis (MG) is a rare autoimmune disease characterized
by fatigable weakness of the voluntary muscles and can exacerbate to life-
threatening myasthenic crisis (MC), requiring intensive care treatment. Routine
laboratory parameters are a cost-effective and widely available method for
estimating the clinical outcomes of several diseases, but so far, such parameters
have not been established to detect disease progression in MG.

Methods: We conducted a retrospective analysis of selected laboratory
parameters related to inflammation and hemogram for MG patients with MC
compared to MG patients without MC. To identify potential risk factors for MC,
we applied time-varying Cox regression for time to MC and, as a sensitivity
analysis, generalized estimating equations logistic regression for the occurrence
of MC at the next patient visit.

Results: 15 of the 58 examined MG patients suffered at least one MC. There
was no notable difference in the occurrence of MC by antibody status or sex.
Both regression models showed that higher counts of basophils (per 0.01
unit increase: HR =1.32, 95% Cl=1.02-1.70), neutrophils (per 1 unit increase:
HR =140, 95% Cl=114-172), potentially leukocytes (per 1 unit increase:
HR =1.15, 95% Cl=0.99-1.34), and platelets (per 100 units increase: HR =1.54,
95% Cl =0.99-2.38) may indicate increased risk for a myasthenic crisis.

Conclusion: This pilot study provides proof of the concept that increased
counts of basophils, neutrophils, leukocytes, and platelets may be associated
with a higher risk of developing MC in patients with MG.

KEYWORDS

myasthenia gravis, myasthenia, myasthenic crisis, hemogram, laboratory parameters,
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Introduction

Myasthenia gravis (MG) is a rare autoimmune disease caused
by an antibody-mediated disturbance of signal transduction at
the neuromuscular endplate. The main symptoms are fatigable
weakness of the voluntary muscles, worsening with exertion, and
fatigue (1). In 70-80% of all patients, MG is caused by pathogenic
autoantibodies directed against the acetylcholine receptor
(AChR) at the neuromuscular junction (2-4). The loss of
functional AChR leads to a reduced amplitude of the endplate
potential and, thus, impeded neurotransmission at the
neuromuscular endplate (5, 6). MG manifests at the extraocular
muscles, leading to ptosis or double vision, and by generalized or
bulbar weakness affecting limb muscles or oropharyngeal muscles
at manifestation or as the disease progresses.

Critical exacerbation of these symptoms can lead to life-
threatening myasthenic crisis (MC), which often requires
intensive care treatment with non-invasive or even invasive
ventilation and invasive therapy (7). An MC often occurs within
the first few years of the disease and can be the first manifestation
of MG (8). The lifetime prevalence of MC is 15-20% for patients
with MG (9, 10). MC-associated mortality is commonly reported
between 5 and 12% (10-13), but mortality up to 22% has also
15). Furthermore, it is established that
antibody status or clinical treatment protocols are associated with
outcomes after MC (10, 13, 16, 17).

Although it is known that certain drugs, inadequate treatment,

been reported (14,

surgery, infection, sepsis, and pregnancy can trigger MC (9, 18, 19),
the prediction of severe exacerbation of MG or ultimately MC based
on laboratory parameters is currently not possible. To this end, so far
only a few studies have investigated the relationship between
hemogram or inflammation-related laboratory parameters and the
disease progression of MG (20-22).

Thus, we hypothesized that certain laboratory parameters
could be used to evaluate disease activity in MG even before
clinically obvious exacerbations and to identify patients at risk of
progressing to MC. We studied highly granular laboratory
parameters related to inflammation and hemogram in patients
suffering from MC prior to the event, compared to MG without
MC to investigate if changes in these parameters could
be indicative of the development of MC. This retrospective case-
control study with a small number of subjects serves as a pilot
study, whose concept and results could later be validated in a
larger cohort.

Materials and methods

Standard protocol approvals, registrations,
and patient consent

This study was approved by the ethics committee at
Charité — Universititsmedizin Berlin (no. EA4/068/22). Data
were collected retrospectively. Due to the retrospective nature,
individual patient consent was not obtained in accordance with
ethical approval and state and national laws. This manuscript has
been posted as a preprint on medRxiv prior to submission to this
journal (23).
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Study design and patient selection

For this study, we evaluated clinical data from 58 MG patients
treated at the integrated Myasthenia Center of the Department of
Neurology at Charité — Universitdtsmedizin Berlin. It is certified by
the German Myasthenia Gravis Society and employs standardized
workflows for patient management. The diagnosis of MG was
established based on antibody studies, repetitive nerve stimulation, or
clinical assessment. MC was defined as the exacerbation of myasthenic
symptoms with bulbar or general weakness requiring mechanical
ventilation. First, we selected 15 patients who were treated for MC at
least once and for whom sufficiently complete medical data were
available from all MC patients at our center between 2006 and 2016.
MC patients were intended to be matched in a 1:3 ratio with MG
patients treated at our center without recorded MC until 2018.
Although data for MC patients were available after 2016, they were not
included in the analysis to avoid hindsight bias. Matching was based
on the criteria sex, age 5 years, antibody status (AChR antibodies or
negative for AChR, MuSK, LRP4), thymectomy (yes/no), and thymus
pathology (thymoma, thymus hyperplasia, and unremarkable). Due
to insufficient matching partners with applicable matching criteria,
one MC patient could only be matched with one control patient. The
final cohort consisted of 58 subjects (15 MC, 43 non-MC patients).

In this study, we focused on the analysis of the following
laboratory parameters: hemoglobin, hematocrit, mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), white blood cell count, white blood cell differential count
(basophils, eosinophils, monocytes, lymphocytes, neutrophils, and
granulocytes), platelet count, and C-reactive protein (CRP). Selected
laboratory data were obtained through the Berlin Institute of Health
at Charité Health Data Platform (HDP), which hosts up-to-date
retrospective data on the hospital management system. For this pilot
study, we retrieved all available data for the curated list of laboratory
parameters of the selected patients over the entire observation period
from 2006 to 2018. For the analysis, we only considered data obtained
prior to the occurrence of an MC.

Statistical analysis

We descriptively display all patient characteristics used for
matching, separately for cases and controls. Categorical variables are
presented as absolute and relative frequencies. To summarize the
laboratory parameters, we display the first measurement per patient
(baseline) as well as the median value per patient measured before the
beginning of the first MC with the median and interquartile range
(IQR). Kaplan—Meier curves display the time to first MC stratified by
sex (male or female) and antibody status (AChR positive or negative).

We used an Anderson-Gill model, a time-varying Cox
proportional-hazards regression, with time to MC as the outcome. To
account for the dependency in the data, we used robust standard
errors. Time was modeled since the first observation, and patients
without any further crises were censored at the time of the database
excerpt. This model assumes that the risk of experiencing an MC
remains the same, irrespective of whether previous events occurred or
not. This means that after an MC has occurred, a subject is treated the
same way as a subject who has not experienced an MC. As sensitivity
analysis, we also performed a generalized estimating equations (GEE)
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TABLE 1 Cohort demographics and clinical characteristics.

Myasthenic crisis (n = 15)

10.3389/fneur.2024.1297997

No myasthenic crisis (n = 43)

Sex

Male, n (%) 7 (46.7) 21 (48.8)

Female, n (%) 8(53.3) 22 (51.2)
Age
Age at diagnosis, years, mean (SD) 56 (16.5) 51(17.2)
Early onset MG, n (%) 6 (40.0%) 16 (37.2%)
Late onset MG, n (%) 9 (60.0%) 27 (62.8%)
Number of MC per patient

0 43

1 11 (73.3%)

2 2(13.3%)

3 2(13.3%)
AChHR antibodies

Positive 10 (66.7%)* 28 (65.1%)

Negative for AChR, MuSK, LRP4 5(33.3%) 15 (34.9%)
Thymectomy

No, n (%) 5(33.3%) 15 (34.9%)

Yes, n (%) 10 (66.7%) 28 (65.1%)
Thymus pathology
Thymoma, n (%) 5(50.0%) 14 (50.0%)
Hyperplasia, n (%) 2 (20.0%) 5(18.0%)
Unremarkable, n (%) 3 (30.0%) 8(29.0%)
Unknown, n (%) 1 (4.0%)

*One MC patient was found positive for AChR and MuSK. As there were no appropriate AChR/MuSK-double positive controls, she was considered in the AChR+ group.

logistic regression model, which explains the binary outcome of a
potential current crisis with the laboratory parameter measured at the
prior visit.

Because of the initial matching, we do not adjust for age and sex
in any of the models. Due to the limited number of observed events,
all models ran for each laboratory parameter separately (univariable
models). Using complete-case analyses, these models are therefore
based on a different number of observations, due to the clinical
practice of not measuring all laboratory parameters at every time
point. Based on these models, we derived hazard ratio (HR) and odds
ratio (OR) estimates along with 95% confidence intervals (CI). All
analyses were performed using R [R Project for Statistical Computing
(24)], as well as additional R packages for data handling and analysis
(25-27).

Results

Demographics and clinical characteristics
This pilot study included 58 patients (30 female, 28 male), of

whom 15 (26%) suffered from one or more MC (cases) and 43 never

had an MC (controls) within the observation period. In the case

group, 11 patients suffered one MC, 2 patients suffered two MCs,
and 2 patients suffered three MCs. In total, there were 21 MC events
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(Table 1). Both baseline (i.e., first-ever recorded) and median values
for all available measurements prior to MC were similar for all
laboratory parameters in both groups. CRP differed in cases and
controls (Table 2). The frequency of measurements per person and
laboratory parameter varied. For the controls, the median number
of observations was 8 (IQR: 3-26, min =1, max =714), and for cases
42 (IQR: 18-67.5, min=1, max=101). The median number of
measurements for the complete blood count with differential was 8
(IQR: 2-19.5, min: 1, max: 56) and 15 (IQR: 4-33, min: 1, max: 158)
without differential. For CRP, it was 6 (IQR: 2-15.5, min: 1, max:
93). The median time between two measurements was 3 days (IQR:
2-35, min: 1, max: 3135). Stratified by the outcome, for the 1944
observations where no MC occurred in the subsequent visit, the
median time to next visit (i.e., time to next measurement) was 3 days
(IQR: 2-34, min: 1, max: 3135) and 39 days (IQR: 19.2-83.8, min: 1,
max: 2196) for the 20 observations where an MC occurred. In the
MC group, bulbar symptoms preceded the recorded MC in 17 of 21
events (81.0%). As there is no direct comparison to this measure for
the control group, we rely on MGFA classification (i.e., the worst
ever recorded MGFA) to categorize patients into groups presenting
with mainly bulbar or generalized symptoms. Control patients
presented with bulbar symptoms in 29 of 43 cases (67.4%) and
generalized symptoms in 10 of 43 cases (23.3%). In four cases
(9.3%), it was not possible to unequivocally determine the
MGEFA category.
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TABLE 2 Hemogram and inflammation-related laboratory parameter measurements of patients.

Mysthenic crisis (n = 15)

No myasthenic crisis (n = 43)

Basophils/nl (baseline)

Median (IQR) 0.03 (0.02, 0.05) 0.03 (0.02, 0.05)

Missing 1(6.7%) 1(2.3%)
Basophils/nl (median)

Median (IQR) 0.03 (0.02, 0.05) 0.04 (0.02, 0.05)

Missing 1(6.7%) 1(2.3%)

C-reactive protein in mg/l (baseline)

Median (IQR)

7.10 (4.05, 14.93)

3.50 (1.37, 8.07)

Missing

19 (44.2%)

C-reactive protein in mg/l (median)

Median (IQR)

12.00 (4.20, 34.42)

4.35 (1.68, 8.02)

Missing

19 (44.2%)

Eosinophils/nl (baseline)

Median (IQR)

0.06 (0.03, 0.10)

0.08 (0.03, 0.14)

Missing

3(20.0%)

3(7.0%)

Eosinophils/nl (median)

Median (IQR)

0.07 (0.06, 0.12)

0.08 (0.06, 0.14)

Missing

3(20.0%)

3(7.0%)

Hematocrit in 1/1 (baseline)

Median (IQR)

0.43 (0.40, 0.46)

0.42 (0.40, 0.44)

Hematocrit in 1/1 (median)

Median (IQR)

0.41 (0.37,0.43)

0.42 (0.38, 0.43)

Hemoglobin in g/dl (baseline)

Median (IQR)

14.20 (13.55, 15.65)

14.10 (13.40, 14.65)

Hemoglobin in g/dl (median)

Median (IQR)

13.40 (12.15, 14.55)

13.80 (12.85, 14.60)

Leukocytes/nl (baseline)

Median (IQR) 9.20 (7.28, 13.19) 8.20 (6.06, 10.28)
Leukocytes/nl (median)
Median (IQR) 8.11 (6.99, 10.25) 7.60 (6.65, 8.96)

Lymphocytes/nl (baseline)

Median (IQR) 1.57 (1.08, 1.64) 1.52 (1.05, 1.88)

Missing 1(6.7%) 1(2.3%)
Lymphocytes/nl (median)

Median (IQR) 1.30 (0.88, 1.80) 1.33 (1.04, 1.71)

Missing 1(6.7%) 1(2.3%)

Mean corpuscular hemoglobin in pg (baseline)

Median (IQR)

30.80 (29.05, 32.00)

30.70 (29.85, 31.75)

Mean corpuscular hemoglobin in pg (median)

Median (IQR)

30.70 (29.45, 31.60)

30.60 (29.35, 31.80)

Mean corpuscular hemoglobin concentration in g/dl (baseline)

Median (IQR)

33.30 (33.05, 34.35)

33.90 (33.30, 34.50)

Mean corpuscular hemoglobin concentration in g/dl (median)

Median (IQR)

32.80 (32.60, 33.55)

33.60 (32.75, 34.33)
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TABLE 2 (Continued)

Mysthenic crisis (n = 15)

10.3389/fneur.2024.1297997

No myasthenic crisis (n = 43)

Monocytes absolute/nl (baseline)

Median (IQR)

0.59 (0.25, 0.90)

0.51 (0.42, 0.66)

Missing

1(6.7%) 1(2.3%)

Monocytes absolute/nl (median)

Median (IQR)

0.63 (0.47,0.81)

0.56 (0.49, 0.69)

Missing

1(6.7%) 1(2.3%)

Neutrophils/nl (baseline)

Median (IQR)

6.98 (4.88,10.75)

5.43 (3.81, 8.01)

Missing

1(6.7%) 1(2.3%)

Neutrophils/nl (median)

Median (IQR)

6.40 (5.41,7.89)

5.35 (4.25, 6.31)

Missing

1(6.7%) 1(2.3%)

Platelets/nl (baseline)

Median (IQR)

268.00 (220.50, 324.00)

246.00 (206.50, 283.50)

Platelets/nl (median)

Median (IQR)

260.00 (214.50, 297.00)

249.50 (210.25, 279.50)

Immature granulocytes/nl (baseline)

Median (IQR)

0.04 (0.02, 0.06)

0.03 (0.01, 0.04)

Missing

1(6.7%) 1(2.3%)

Immature granulocytes/nl (median)

Median (IQR)

0.04 (0.03, 0.07)

0.03 (0.02, 0.05)

Missing

1(6.7%) 1(2.3%)

For each laboratory parameter, the baseline (first measurement recorded per patient) and the median of all measurements recorded within the observation period before the beginning of the

first MC are shown. Missing data are indicated where observed.

Time to first myasthenic crisis stratified by
sex and antibody status

We calculated Kaplan-Meier curves for time to the first MC since
the first recorded laboratory parameter, stratified by AChR antibody
status and sex. Overall, there was neither a significant difference in the
occurrence of MC depending on antibody status (Figure 1A) nor
between women and men (Figure 1B).

Laboratory parameters associated with
myasthenic crisis

Both statistical models we applied make use of the previous
measurement to explain the occurrence of an event (MC or no MC).
Laboratory parameter measurements from 1964 observations were
used to explain 20 events with subsequent MC (one MC did not have
sufficiently complete data to be included) and 1944 observations
without subsequent MC.

Univariable Anderson-Gill models showed that basophils,
neutrophils, and potentially leukocytes and platelets indicate increase
hazards for a myasthenic crisis (Figure 2). Without adjustment for
other parameters, an increase of basophils by 0.01 units increased the
risk of an MC 1.32-fold (95% CI: 1.02-1.70) and a 1 unit increase in

Frontiers in Neurology

neutrophils 1.4-fold (95% CI: 1.14-1.72). Furthermore, every unit
increase in leukocytes increased the hazard for MC 1.15-fold (95% CI:
0.99-1.34), and an increase of 100 units in platelets 1.54-fold (95% CI:
0.99-2.38).

The GEE logistic regression models conducted as sensitivity
analyses with the occurrence of an MC in the subsequent patient visit
as the outcome also identified basophils, neutrophils, and platelets as
potentially relevant laboratory parameters (Figure 3). The odds for
MC in the subsequent visit were 1.27-fold (95% CI: 1.08-1.49) per
0.01 unit increase in basophils and 1.15-fold (95% CI: 1.02-1.30) per
1 unit increase in neutrophils. A 100-unit increase in platelets
increased the odds for an event 1.29-fold (95% CI: 0.85-1.95),
although this association was calculated with low precision.
Additionally, higher values in hematocrit (per 0.01units) and
hemoglobin (per 1 unit) resulted in higher odds for a subsequent MC
(OR=1.11, 95% CIL 1.01-1.22, OR=1.19, 95% CIL: 1.01-1.39,
respectively).

Both statistical models consider data only before the occurrence
of an MC but differently account for time. The Anderson-Gill model
is a time-varying Cox regression model and, as such, explores the
relationship between the time to the occurrence of an event and the
explanatory variables. The dependent variable here is the hazard
function at a given time t. Therefore, the model is dependent on time,
as the hazard of an MC occuring changes with time. The GEE logistic
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Kaplan—Meier curves with 95% confidence intervals (shaded areas) for time to first myasthenic crisis since the first recorded laboratory parameter
stratified by (A) antibody status or (B) sex over the observation period. An event is defined as the first MC of a patient. The individual lines show the
stratified survival curves, and the shaded areas present 95% confidence interval. (A) Orange lines represent the data for AChR antibody-negative
patients and purple lines for AChR antibody-positive patients. (B) Orange lines represent the data for male and purple for female patients. Vertical bars
indicate the censorship of an observation at that point. Additionally, the number of individuals at risk for a first MC at regular time points is shown
below the curves.
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for each laboratory parameter are shown in Table 2.
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horizontal bars indicate 95% confidence intervals (in parentheses). Estimates were derived from the generalized estimating equations (GEE) logistic
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regression estimates the odds for an event (here the occurrence of an
MC at the next visit) based on the explanatory variables in the model.
Time is only taken into account by the sequence of measurements and
the occurrence of an MC at the next visit. It is interesting to note that
in 10 of 21 events (47.6%), patient records showed signs of (bacterial)
infection prior to the respective MC. It is also noteworthy that
infections prior to MC seemed to be more prevalent in male patients
(5 of 8 events, 62.5%) than in female patients (5 of 13 events, 38.5%).
However, CRP was not identified with increased risk for MC by either
statistical model. Based on the results of these models, we conclude
that increased values of basophils, neutrophils, and, with lower
confidence, also leukocytes and platelets are associated with an
increased risk of developing an MC.

Discussion

In this pilot study, we investigated whether routine laboratory data
could be used to anticipate the occurrence of MC during the disease
course in MG patients. Based on two statistical models with distinct
assumptions, we found that from our pre-selected set of laboratory
parameters, higher basophils, neutrophils, leukocytes, and platelets
measured before an event (i.e., MC) were associated with a higher risk
of developing an MC. Although baseline and median CRP as the most
obvious laboratory markers of infection (procalcitonin was not
determined in any of the cases reported here) before MC were elevated
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in the MC group compared to the control group, it was not identified
as a risk to develop an MC by either statistical model.

Several risk factors for MC have previously been identified from
19, 28), drugs (28),
corticosteroid treatment (29, 30), older age (31), thymoma (15),

retrospective analyses: infections (15,
bulbar symptoms (15, 32), high disease severity (15, 31), male sex (15,
30), and the presence of additional autoimmune diseases (31, 32).
Another risk factor for MC is surgery (15, 33), including thymectomy.
Although some attempts to establish risk scores for the occurrence of
postoperative myasthenic crisis have been made, the identified risk
factors (bulbar symptoms, disease severity, decreased vital capacity,
and thymoma) generally align with established common risk factors
for MC (33-35). Due to the high mortality rate of MC of 5-12% (10,
13, 16, 18), which can be stratified by AChR (10) or MuSK (16)
antibodies, and triple-seronegative patients (13), there is a significant
need to establish risk scores or identify parameters that can be used to
predict the occurrence of MC, and thus aid early intervention.

Our study provides initial indications that routine laboratory
parameters assessed before the onset of MC could be used as risk
predictors for MC occurrence and facilitate early interventions (e.g.,
treatment with immunoglobulins or plasma exchange), possibly
preventing MC and mitigating the associated morbidity and mortality.
To this end, some studies have investigated the prediction of
in-hospital mortality in MC based on selected laboratory parameters
(22, 36). A recent study derived a predictive score for in-hospital
mortality of MC using the Myasthenia Gravis Foundation of America
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(MGFA) score at the onset of the MC, septic shock, and cardiac arrest
(36). In addition, this study suggested that low serum albumin, low
hemoglobin, and a high leukocyte count might be associated with a
higher mortality in MC (36). The latter may corroborate our findings
that increased leukocyte counts may be associated with an increased
risk for an ensuing MC. Further studies described a possible
association between infections (37) and signs of inflammation
(leukocytosis) (22)
MC. Furthermore, a hemogram could provide clues to the course of

and an increased risk of developing
the disease, as hematological changes have been identified as
prognostic factors of mortality for several critical illnesses (22), e.g.,
endocarditis (38), acute kidney injury (39), and acute myocardial
infarction (40, 41). Extreme leukocytosis and anemia have been
described as important risk factors for increased mortality in MC (22).
Similarly, elevated neutrophil-to-lymphocyte ratios have been
reported to be a potential risk factor for indicating the disease severity
of MG in children (20) and adults (21). It is interesting that, among
others, we identified basophilia as a potential indicator for risk of
MC. Classically, basophilia is seen in hypersensitivity reactions of the
immediate type (type 1) (42). Basophils are thought to play a role in
host defense against parasites (43). Consequently, associations of
basophilia with chronic inflammation and autoimmunity have been
described (42, 43). As such, our data might open novel opportunities
to study biomarkers of disease activity in MG. Together with real-
world routine clinical data, inexpensive laboratory studies could allow
risk classification for MC that goes beyond known risk factors for MC,
such as infection, as exemplified by a recent study that used explainable
machine learning to classify the risk for MC based on these
parameters (44).

There are several limitations to our study. The dataset, with 58
patients in total, is small. However, the dataset includes 21 MC events
and several sequential laboratory measurements per patient since the
laboratory parameters were measured frequently. This leads to an
uneven distribution of measurements between cases and controls. It
is possible that the elevated CRP in the MC group was not identified
as a risk factor for MC because of the small size of our cohort.
Approximately half of the MCs recorded here showed preceding
infections, which is a known risk factor for MC. It is also possible that
subgroups (e.g., males) could be more prone to developing MC after
infection. However, our study was not designed to address such
questions. Furthermore, there is the potential for selection bias due to
the retrospective and monocentric design and hand-selection of cases
and controls for this pilot study. This study did not consider further
clinical data, such as information on infection or co-medication,
which are known risk factors for the clinical worsening of
MG. Similarly, steroids or steroid-sparing immunosuppression are
standard medications in MG patients known to affect blood counts
but were not considered confounders. We used complete-case analyses
based on a different number of observations, as a result of clinical
practice not to measure all laboratory parameters at every time point.
This leads to a different number of measurements per parameter per
patient, and thus they could only be considered as univariate
parameters in the models.

In conclusion, this study indicates that increased basophils,
neutrophils, leukocytes, and platelets may be associated with an
increased risk for the occurrence of MC in MG patients. The results
of this pilot study suggest that it is possible to identify predictors for
MC risk based on routine laboratory data. Together with other
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medical data (44), routine blood biomarkers could serve to develop a
risk prediction score to tailor individualized treatment decisions at the
point of care. However, larger prospective studies beyond the proof of
concept stage are necessary to verify our results.
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