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Abstract

Background: Despite the burgeoning literature describing preoperative and postoperative risks of a myasthenic
crisis after thymectomy (MCAT) in patients with myasthenia gravis, substantial differences exist in the risk factors
identified by previous studies. We conducted a meta-analysis to assess the reported risk factors and MCAT risk.

Methods: We collected relevant studies on the risk factors for MCAT by searching the PubMed, Embase, The
Cochrane Library, China Biology Medicine (CBM), WanFang Data, VIP and CNKI databases. The search period ranged
from the establishment of the database to November 2019.

Results: Twenty-five of the 458 identified studies were eligible for the meta-analysis. Seven retrospective cohort
studies and 18 case-control studies were included, and 14 risk factors for MCAT were extracted. Meta-analyses of
the association between MCAT and risk factors related to the patient’s preoperative condition included a
preoperative history of MC, preoperative bulbar symptoms, lla+ b + Il + VI, llb + Il + VI, VI +V, dosage of
pyridostigmine bromide prior to the operation, a preoperative AchR-Ab level > 100 (nm/L), preoperative pulmonary
function, preoperative complications, and preoperative disease course. Meta-analyses of the association between
MCAT and surgery-related risk factors included intraoperative blood loss > 1000 mL and the mode of operation.
Meta-analyses of the association between MCAT and postoperative risk factors included postoperative lung
infection, thymoma and the WHO classification. The operation time was not an independent risk factor for MCAT.

Conclusions: The independent risk factors for MCAT were a preoperative history of MC, preoperative bulbar
symptoms, preoperative MG Osserman stage, preoperative dosage of pyridostigmine bromide, preoperative serum
AchR-Ab level, lung function, major postoperative complications, disease duration before thymectomy, blood loss,
thoracotomy, postoperative lung infection, thymoma, and WHO classification.
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Introduction

Myasthenia gravis (MG) is an autoimmune disorder in-
duced by neurotransmission defects at the neuromuscu-
lar junction and is characterized by muscle weakness
and fatigue [1]. M@ is typically treated with anticholin-
esterase agents, surgical thymectomy, or immunosup-
pression and with short-term immunotherapies
(plasmapheresis and intravenous immunoglobulin ad-
ministration) to reduce the risk of exacerbations [2].
Thymectomy has been selected as a surgical treatment
for patients with MG since Blalock reported its efficacy
as a treatment for MG complicated with or without
thymoma [3, 4]. However, 3-30% of patients with MG
still develop a myasthenic crisis after thymectomy
(MCAT) [5-8]. An M@ crisis (MC) represents a serious,
life-threatening, rapid worsening of MG and potential
airway compromise due to ventilatory or bulbar dysfunc-
tion [9]. MC is the main cause of death after MG thym-
ectomy. Many risk factors for MCAT have been
reported, including internal factors and surgical factors,
such as a myasthenic crisis, medulla oblongata muscle
weakness and operation time. Geng et al. [10] performed
a meta-analysis of risk factors for a myasthenic crisis
after thymectomy that included 15 trials and 2626 pa-
tients with MG. However, substantial differences exist in
the risk factors for MCAT identified by previous studies.
The included studies exhibited substantial heterogeneity,
and the previous meta-analysis [10] did not provide any
details in their methods section on their plan to address
the heterogeneity. The aetiology of MCAT remains un-
clear, and an effective risk assessment system for pre-
dicting the occurrence of MCAT is not available.
Therefore, we conducted a meta-analysis to assess re-
ported risk factors and the risk of MCAT and to achieve
an adequate sample size required for a comprehensive
and precise estimation of the associations between these
factors and MCAT.

Methods

Literature sources and search strategy

We collected relevant studies examining the risk factors
for MCAT by searching the PubMed, Embase, The
Cochrane Library, CBM, WanFang Data, VIP and CNKI
databases. The search period extended from the estab-
lishment of the database to November 2019.

The search was conducted using a combination of
subject words and free words. We used the following
search terms: (myasthenic crisis) AND (“thymectomy
[MeSH Terms]” OR “thymectomies”).

We also used combinations of the following search
terms to expand the search: (myasthenic crisis) AND
(“risk factors [MeSH Terms]” OR “factor*, risk” OR
“risk factor” OR “population* at risk” OR “risk, popu-
lation* at”).
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Inclusion criteria
The following inclusion criteria were used: (1) Pa-
tients with MG after thymectomy; (2) Intervention:
provides risk factors for patients with MG after thym-
ectomy; (3) Comparator: division of participants into
a case group and a control group according to the
occurrence of a myasthenic crisis; (4) Outcome: risk
of MCAT reported as an adjusted odds ratio (OR)
and corresponding 95% confidence interval (CI); and
(5) Study design: observational studies including co-
hort, case-control, or cross-sectional studies. No lan-
guage restrictions were imposed.

Exclusion criteria included studies, animal experi-
ments, case reports, reviews, expert opinions and edito-
rials that did not provide sufficient data for analysis.

Data extraction and quality assessment

Two researchers (Li WQ and Zhang X]J) independently
screened the literature, extracted data and evaluated the
risk of bias of the included studies. If they had a differ-
ence of opinion, they would reach an agreement through
a consultation or by discussing the matter with a third
person. In our study, we used a homemade data extrac-
tion table to extract data, including the study source;
number of years; type, location, and number of patients;
number of patients with MC; age at the operation; age
of onset; and significant risk factors and results.

This systematic review was based on a meta-analysis
of epidemiological observational studies (MOOSE) [11].
We used the Newcastle-Ottawa Scale (NOS) to assess
the methodological quality, risks of selection and cohort
comparability bias, and outcomes of the included studies
[12]. The score of this scale ranges from 0 to 9 points.
Studies with NOS scores of 5 or more stars were consid-
ered high quality; otherwise, the quality of the study was
considered poor, and these studies were excluded.

Data analysis

RevMan 5.3 statistical software and Stata 15.0 software
were used for statistical analysis. The same potential pre-
dictors must have been studied at least twice in the ana-
lysis of the original data. For dichotomous results, the
adjusted OR of the 95% CI was calculated. For continu-
ous results, the mean difference (MD) of the 95% CI was
calculated.

We used Cochrane’s Q statistics and I* statistics to
study heterogeneity. Heterogeneity was classified as low,
medium, or high based on I* values of 25, 50%, or 75%,
respectively [13]. If P>0.1 and I* <50%, homogeneity
was present and a fixed effect model was adopted; P <
0.1 and I” > 50% indicated the presence of heterogeneity.
We subsequently conducted a sensitivity analysis or sub-
group analysis to explore possible explanations for the
heterogeneity. For the predictors whose source of
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heterogeneity was not identified in the sensitivity or sub-
group analysis, a random effect model was used in the
meta-analysis. Publication bias was examined using Begg’s
test, with a P value < 0.1 indicating a significant difference.

Results

Search results

Four hundred fifty-eight articles were retrieved. First, 148
duplicate records were excluded. Second, 223 records
were excluded after reading the titles and abstracts of the
articles. Then, 62 records were excluded by reading the
full texts. Finally, data from 3728 individual patients with
692 myasthenic crisis cases were included in the meta-
analysis of 25 eligible studies [1, 7, 8, 14—36]. Figure 1 pre-
sents the literature search and study selection process.

Basic characteristics of the included studies and risk of
bias assessment

Seven retrospective cohort studies and 18 case-control
studies were included, and 14 risk factors for MCAT
were extracted. The basic characteristics of the included
studies are shown in Table 1. The NOS criteria used to
evaluate the quality of the 25 studies that were included
in this meta-analysis are shown in Table 1 and Table 1
in the supplement. Significant risk factors associated
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with MCAT and the results of bias risk assessment are
shown in Table 2.

Risk factors
Risk factors related to the patients’ preoperative conditions
(Fig. 2a)

Preoperative MC history Twelve studies [8, 20-23, 27,
29, 31, 33-36] provided data on the history of MC and
included 2094 patients. The results of the heterogeneity
test did not reveal heterogeneity among the studies (I* =
18%, P = 0.26); therefore, the fixed effect model was used
for the meta-analysis. A preoperative history of MC was
an independent risk factor for MCAT [OR =4.13, 95%
CI (3.08, 5.54), P < 0.00001].

Preoperative bulbar symptoms Eight studies [7, 16-18,
21, 22, 27, 35] including 1443 patients reported the rela-
tionship between preoperative bulbar symptoms and
MCAT. The results of the heterogeneity test did not reveal
heterogeneity among the studies (I* =7%, P=0.37), and
thus the fixed effect model was used for the meta-
analysis. Preoperative bulbar symptoms were an inde-
pendent risk factor for MCAT [OR=3.71, 95% CI
(2.54, 5.42), P <0.00001].

Records identified through database
searching (n=458)
(Pubmed=230, Embase=51, OVID=37, Cochrane=13,
wanfang=77, CNKI=17 VIP=21, CBM=12)

Additional records identified through other
sources(n =0)

Records after duplicates removed
(n=310)

Records excluded based on
title or abstract reading,

with reasons

\4

\4

(n=223)
1.Case (n=42)
2.Review (n=21)

Records screened

3.Duplicate publication (n=4)
4.Irrelevant contents (n=152)

(n=87)
Full-text articles excluded,
o | with reasons
71 m=62)
1.Without outcome date(n=29)
v 2.Did not accord with the
inclusive criteria(n=33)
Studies included in qualitative synthesis
(n =25)
Y

Studies included in qualitative synthesis
(meta-analysis)
(n =25)

Fig. 1 Flow diagram of the literature search and selection process




Page 4 of 12

270

(2020) 15

Liu et al. Journal of Cardiothoracic Surgery

aAneladolsod sofew (1) uonduny bunj sanessdoaid (z|) uonesado jo spow (| |) uone

uondajul bun| annesadoaid () abe (£z) DN [e1US10d (ZZ) uonedipaw aAneladolsod (1)
eisayisaeue [esauab (0z) uondasal 913jdwodul (61) 1|NJ0 SLeNDIGIO JO dsuodsal [eIusaWRIIBP (81) DN d|qeIsun (£1) YOd (91) abeis exoesepy (1) AwoidawAyl 210j9q uoneinp aseasip (+1) suonedjdwod

se[> OHM (0L) |W 000L<SSO| poojq dAneladoenul (6) dwi} uonesado (g) (/wu) [9A3] qy-Yydy wnids aaiesadoald

(£) apiwoiq auiwbnsopuAd jo abesop aanesadoaid (9) ewowAys (§) uondsyul bun| aanesadorsod (1) sabeis uewsassQ aanesadoaid (g) woidwAs Jeqing aanesadoaid (g) A1oisiy D aAnesadoaud (1)
Afdixue aanesadoald yod ‘Apoqnue Joydadal auljoydjA1ade-nue qy-yydy:isiaelb eluayiseAw opy

9 ©))(©@ 67/s6  ueder 76/0¢ [l F ¥y 144 zcl Apmis woyod sandadsonal 71'Z002-10S86L  ¥00C  @geuRIeA
6 rL@e)'@ 0eL/SPlL ueder 691/901 SSLFCOV/L9L F8SHD/L Al SL¢ Solpnis |0lUOd-9sed  Z1'Y10C-10C00C  £10C leuey|
S ©)(9)e)() €9/5€l eulyd VN VN 43 861 SoIpNIs |0NU0d-9sed  90'€10C-10'800C  ¥10C n
9 (€L 199474 _uIyD Se/ee L9l F L0V 4! Ly Apnis 140yod aA1dadsoN3l 10'810C-10800C  610¢ EB)
8 (€0(E W EW) 89/€¢ eulyd 85/¢y [V FTEE 6¢ Lol Selpnis |0U03-9seD  71°'500C-£0C00C  £00T usyd
S (cO' e 0£/9S eulyd VS (z9-6) ge(2buey) UBPW el 9ClL SIIPNIS [03UOS-958D YN 900C Buem
9 (Lo 85/0 eulyD €/ €9F£'09/0C9F 0909 D/L Gl 85 SIIpNIs [0UOD-9seD  90F10C-90800C  SLOT Bueyz
9 (L@reEr) €9/1¢ euIyd 6v/S¢ (89—91) /9¢H(buel) uelpaw ¥C 78 Solpnis |0U03-9sed  71'600C-£0S661  L10T e
9 (€) 59/69 euiys 89/99 (z8-1) G€ 185U0 18 SbE 8¢ el S9IPNIS |OUOD-25eD £0'Cl0C-£0C00C  €10C NIN
9 (0O'@L(LL)Y©)E) 99/9¢ eulyd LS/SY L9+ 96E/LL0LF 297 D/L a4 ol SIpNIs |0U0d-9sed 0¥ LOC-LOLLOC  ¥10C nn
L (CIAGICHE) w/y eulyd 8€/SC (9/-01) £€(obuel) ueipaw 4 €9 SoIpNIs |0NU0d-9seD  |O0'SL0C ~ L0800  £10C n
8 ©@w 9/0F _uIyD 6v/LE (1/-52) v(obue) ueipaw 9l 938 Solpnis |0lU0d-9sed  90'§10¢-¢0C00C  910C ueip
8 ©)@) VN eulyd LSL/SS1 LEILFPSLE 6Y 90¢ S$9IpNIs [011UOD-a5ed SO'L10Z=500461  910C n
6 F'@@(1) ¥S/TCL eulyd oLy vLFLE 9¢ 9Ll SoIpNIs |01IU0d-9580 10'900Z-100661 900 nn
S (€1(S)(©) 89/S/1 eulyo 6LL/YCL LSLFGLE 144 974 SolpNis |011U0d-9580 600C-0661  L10C ny>
6 (1) 8¢/8C ueder VN 6'€L F9'€p 195U0 Je abe 0t 89  Apnis 110yod SA1dads0R) Cl'/00C-10/661  LLOC uweN
6 L) w)E)() YCL/€s Ajey 0£//01 891 F8SY 44 LLL S9IPNIS |ONUOD-25eD cl'Loc-1oseel  v10C 1zzne
9 () 6¥/0 €310y se/ec YL FE0S 4 67 Apnis LOYod 2A1D2ds01R) Cl'600C-109661L  ¥10C 10y
8 ®)@'W) 601/69 eulyd €8/56 CeELFY8E 85 8/1  Apnmis Loyod dAdadsonR) €0CLOC-€0/661  ¥1OC nA
6 61)(@ €L1/0 euIyd £8/06 LLLF99 LS 9/l SaIpNIs [0UOd-9seD  €0'€L0C-LO000C  8l0OC n
09v-0/2)
8 81)(cl) L¥/S0L €310y VN 06€/(087-5G1) 06T D/L 0l Si4t SOIpNIs |0NU0d-9sed  €0°C10C-01'£00C  SLOC 9]
1A (£1)(1) G/0€ ueder 0€/5¢ (6/-€1) S (9buel) UeIPAW ol SS Solpnis |0U03-9sed  Z1'€1l0Z-10000C  SLOT opuy
9 OO w)(1) VN eulyd G8¢/95¢ SELF0LL/LLLF¥IC /9 L¥S  Apnis Loyod aAdadsolIa) CL'€L0C-90£00C  9l0C noz
8 e yaqs eulyd 65/89 VN el yaqs SOlpN3s |0.3U03-9580 ¥#10¢-500¢  £10C anx
8 (O £S/€€ ueder o/l (0F9-€LY) §'LS (3buel) uepaw I4! 06  Apnis Loyod 2ADRdsO.R) G10Z-000C  610C o1ey
ewowAy) sased SIsLd
$10108) s /snojewowAy)  uoibai uawom sieaf ‘0by (ueaw) dlusyiseAw  suaned
2103 SON edyubls -uoN  Apnis  /9|e|y J9pusn AworpswAy) je aby jo "oN Jo "'oN ubisap Apms Jeak Apms  Jeap ad4nog

Apnis papniaul ayj JO soisiadeIeyd diseq ay| | djqel



Page 5 of 12

(2020) 15:270

Liu et al. Journal of Cardiothoracic Surgery

JEy] pue euowAyi-uou
l 100000> 51474 0 ¥90 7¢O  [EL0S '€9¥] €TSL poXi4 06l SC 4 UOIEDHISSEID OHM
421 |W0o00L>
oot |W 0001 < sSO|
l €0000 59¢€ 0 /80 €00 [0S%9 '05°€] €0SL poXi4 S8l 9C 4 pooj|q sAneladoeiy]
51012e} )sll pajejas-L19bing
960 9C0 €'l 06 100000> /Y6l [£S1'680] 8L'L  wopury 143 S6 € swin uonessdo
401 00L>
ooL= (/W) [9n9] Gy-4ydv
L €0000 S9¢ 0 /80 €00 [80€C LEEl vL8 paxi4 8¢ a4 14 wniss aAnesadoald
401 Bw opz>
buorez apluoiq aulwbisopuAd
L 100000> 769  OF L0 861 [€oSra €5¢ paxi4 €0l €61 ¥ 0 obesop 2AneIdoaId
sak
JEY ou
9080 100000> 4 Al €0 €9¢ [El¥ '€l 96T paxi4 06¢l 1274 S BWIOWAY |
Yam
# 1noLIM uond3jul
290 100000> L0V 0 S0 e£C  [86°SL Y9 69 paxi4 8 6 S Bun| eAnessdoisod
000 781 WN VN VN [9¢€ '960] 08'L L ATIA
100000> 8.6 0 190 L¥S [8081'889] GL'LL 8 IN+ 1+
000 ole 0 760 100 [L9¥'er L] £6C 4 A+ 1+ gl + el
#! , sobels
790 100000> Sl'e /9 90000 ¥/0¢€ €19 ‘cTe]l S5 paxi4 0r0C 85¢ ol UeWISSO dAnesdoald
Yim
! nouum swodwAs
/10 100000> 99 L LE0  SSY/ [ers vsal LLe poxi4 344" ¥S¢ 8 Jeq|ng aAneiadoald
Yim
JEY NOYIM
€00 100000> o6 8l 9C0 9¥elL [vs's's0¢el €1 paxi4 760 LLE 4 Aioisiy D 2Anesdoald
s1010e) )S11 pajej@4-uonipuod jusned aanessdoaid
anjea 4 Z %l d o]
anjen ¢ (ID%S6)  [opow sjuaned

1591 s,669g 109)y9 ||e4on0 10y 1s9]  Ayduabouslay Apmis

YO paisnfpy  siskjeuy |30 JO 'ON DIA JO “ON  S3IPN3s JO ‘ON

si010e4 ysiy uedyiubis

JUSLISSISSE S SIG JO SHNSJ 23Ul PUB [ YD YIM PI1RIDOSSE SI0108) sl 1uedyubis g ajqel



Page 6 of 12

(2020) 15:270

Liu et al. Journal of Cardiothoracic Surgery

ShELL €861 AwopawAyy
| L1000 9ce 0 60 ¢00 [rL'SL'96'L] St'S paxi4 [4°i4 6¢ 4 91042q uoneinp asessid
Yum
¥ notm suoledlduwod
L 100000> v6'S 0 Y0 651l [96/01'£501] 8L°€€ paxi4 L6€ /8 € aAnesadolsod Jofepy
|ewiouge
JEY] |euliou
L 100000> 9s 0 LSO €€ [8yoL LIel LS paxi4 ¥8L oLt S uonauny bun| aAnesadoald
s1010e} )s1 9AneI1adolsod
AW010oRI0Y}
421 Adodsodeioyy paisisse-0apIa
6800 1000 €€ 0 G50 6e0¢ [0891'90C] 88'S poxi4 [4°14 99 14 uonesado Jo apoy
BLIOWAYL SAISRAUL
BWOWAY1 SAISBAUI-UOU
anjea 4 Z %l d o]
anjeA ¢ (D%S6)  |9pow syuaned

1591 s,669g 1099 ||e4on0 1oy 1s9]  Ayduabouslay Apmis

YO paisnfpy  siskjeuy [e303 J0 'ON DIA JO “ON  S3IPN3s JO ‘ON

si010e4 ysiy uedyiubis

(PaNUHUOD) JUSWISSISSE YSI Seiq JO SYNS2J 3Y) PUB | YDA YHM P1RD0SSe s10308) Ykt 1uediiubiS g ajqelL



Liu et al. Journal of Cardiothoracic Surgery (2020) 15:270 Page 7 of 12

P
Preoperative patient condition-related risk factors
Study
D @ddsRatio (95% Cl)
factors
MC history of preoperative (with vs without) —— 4:13+(3.08, 5.54)
preaperative bulbar symptom (with vs without) —_— 3.74+2.54,5.42)
preoperative Osserman stages (Il a+ Il b+[[+VIvs 1) —_— 267+(1.43, 461)
preoperative Osserman stages (Il b+l+VIvs 1) ——  1145(6.88, 18.08)
preoperative Osserman stages (VI+V vs 1) —_— +80:(0.96, 3.36)
postoperative lung infection (with vs without) ———————  G49(264,1598)
thymoma (yes vs no) —,— 296'2.13,4.13)
preoperative dosage of pyridostigmine bromide (2240mg vs <C240mg) — 3.532.47,5.03)
preoperative serum AchR-Ab level (nm/L) (>>100 vs £100) ——— B8:74(3.31,23.08)
operation time () - 1:18'(0.89, 1.57)
T T T T T T T T
8 -6 -4 0433 1 2 23.1
Favours MCAT(-) Favours MCAT(+)
b Surgery-related risk factors
Study
D ©dds Ratio (95% CI)
factors
intraoperative blood loss (>>1000 ml vs £1000ml) ———————— 15.03 (3.50, 64.50)
WHO classification (invasive thymoma vs non-thymoma and non-invasive thymoma) ——————— 1523 (463,50.13)
mode of operation vs vid ted —_— 5.89 (2.06, 16.80)
T — —
-10 5 0155 i 645 5.
Favours MCAT() Favours MCAT(+)
Postoperative risk factors
Study
() Bdds-Ratio (95% Cl)
factors
preoperative lung function (with vs without) —_— 571-3.11,10.48)
major postoperative complications  (with vs without) —o% 3378 (10.57, 107.96)
disease duration before thymectomy () —_— 5:45+(1.96, 15.14)
T T
00926 Favours MCAT(-) 1 Favours MCAT(+) 108
Fig. 2 a Meta-analyses of the association between MCAT and risk factors related to the patients’ preoperative conditions. b Meta-analyses of the
association between MCAT and surgery-related risk factors. ¢ Meta-analyses of the association between MCAT and postoperative risk factors
A\

Preoperative Osserman stages Ten studies [8, 19, 20, studies (I*> =67%, P =0.0006). According to the pre-
22, 28-30, 32-34, 36] including 2040 patients provided operative Osserman stages, the patients were divided
the relationship between the preoperative Osserman into three subgroups: Ila+IIb + III + VI, IIb +III + VI,
classification and MCAT. The results of the heterogen- and VI+ V. The results of the heterogeneity test did not
eity test showed evidence of heterogeneity between reveal any heterogeneity (I> =0, P> 0.1); therefore, the
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fixed effect model was used for the analysis. Notably,
Ila+IIb+III+ VI [OR=2.57, 95% CI (1.43, 4.61), P=
0.002], IIb + IIT + VI [OR =11.15, 95% CI (6.88, 18.08),
P <0.00001], and VI+V [OR =1.80, 95% CI (0.96, 3.36),
P =0.07] were all statistically significant. Based on the
analysis described above, preoperative Osserman stages
were an independent risk factor for MCAT, and patients
with preoperative type IIb + III + VI stages had the high-
est risk of MCAT.

Preoperative dosage of pyridostigmine bromide Five
studies [20, 22, 28, 29, 35] including 1103 patients pro-
vided data on the relationship between the preoperative
pyridostigmine bromide dosage and MCAT. The results
of the heterogeneity test showed evidence of heterogen-
eity between studies (12 =92%, P<0.00001). After the
sensitivity analysis, the study by Liu et al. [28] may have
been the source of heterogeneity, and the heterogeneity
test was repeated after excluding this study. No hetero-
geneity was observed between the studies (I* = 40%, P =
0.17), which were analysed using a fixed effect model.
Moreover, the dosage of pyridostigmine bromide before
the operation was an independent risk factor for MCAT
[OR =3.53, 95% CI (2.47, 5.03), P < 0.00001].

Preoperative serum acetylcholine receptor antibody
(AchR-Ab) level Two studies [7, 36] reported the rela-
tionship between the preoperative AchR-Ab level and
MCAT, including a total of 248 patients. The results of
the heterogeneity test showed no evidence of hetero-
geneity between the studies (I*> =0%, P=0.89), and
thus the fixed effect model was used for the meta-
analysis. A preoperative AchR-Ab level > 100 nm/L
was an independent risk factor for MCAT [OR =8.74,
95% CI (3.31, 23.08), P < 0.00001].

Preoperative lung function Five studies [17, 18, 22, 24,
28] including 784 patients reported the relationship be-
tween preoperative lung function and MCAT. The re-
sults of the heterogeneity test did not reveal
heterogeneity among the studies (I*> =0%, P=0.51);
therefore, the fixed effect model was used for the meta-
analysis. The risk of MCAT in patients with abnormal
preoperative lung function was 5.71 times higher than
for patients with a normal preoperative pulmonary func-
tion. Preoperative pulmonary function was an independ-
ent risk factor for MCAT [OR=5.71, 95% CI (3.11,
10.48), P < 0.00001].

Major preoperative complications Three studies [15,
32, 34] including 391 patients reported the relationship
between preoperative complications and MCAT. The re-
sults of the heterogeneity test did not detect heterogen-
eity between the studies (12 = 0%, P =0.45), and thus the
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fixed effect model was used for the meta-analysis. The
risk of MCAT in patients with preoperative complica-
tions was 33.78 times higher than in patients without
complications. Preoperative complications were inde-
pendent risk factors for MCAT [OR=33.78, 95% CI
(10.57, 107.96), P < 0.00001].

Disease duration before thymectomy Two studies [8,
18] including 452 patients reported the relationship be-
tween the preoperative disease duration before thymec-
tomy and MCAT. The results of the heterogeneity test
showed no heterogeneity between the studies (I* = 0%,
P =0.90), and thus the fixed effect model was used for
the meta-analysis. The preoperative course of disease
was an independent risk factor for MCAT [OR =5.45,
95% CI (1.96, 15.14), P=0.001]. According to Kanai
et al. [18], a disease duration< 3 months was a risk factor
for MCAT [OR =5.18, 95% CI (1.42, 18.8)]. Leuzzi et al.
[8] identified a disease course of > 2 years as a risk factor
for MCAT [OR =5.94, 95% CI (1.12, 31.48)].

Surgery-related risk factors (Fig. 2b)

Operation time Three studies [19, 27, 33] that included
325 patients provided data on the relationship between
the operation time and MCAT. The results of the het-
erogeneity test showed substantial heterogeneity be-
tween studies (IZ = 90%, P < 0.00001). The random effect
model was used for the analysis. The operation time was
not an independent risk factor for MCAT [OR =1.18,
95% CI (0.89, 1.57), P =0.26].

Intraoperative blood loss> 1000 mL Two studies [7,
19] reported the relationship between intraoperative
blood loss and MCAT and included 185 patients. The
results of the heterogeneity test showed no heterogeneity
between the studies 1> =0%, P=0.87); therefore, the
fixed effect model was used for the analysis. The risk of
MCAT in patients with intraoperative blood loss > 1000
mL was 15.03 times greater than patients with an intra-
operative blood loss <1000 mL. Intraoperative blood loss
> 1000 mL was an independent risk factor for MCAT
[OR =15.03, 95% CI (3.50, 64.50), P = 0.0003].

Mode of operation Four studies [15, 19, 25, 33] re-
ported the relationship between the mode of operation
and postoperative MC and included 252 patients. The
results of the heterogeneity test did not identify hetero-
geneity among the studies (I> = 0%, P =0.55), and thus
the fixed effect model was used for the meta-analysis.
The risk of MCAT after thoracotomy was 5.88 times
greater than after video-assisted thoracoscopy. The
mode of operation was an independent risk factor for
MCAT [OR =5.88, 95% CI (2.06, 16.80), P = 0.0010].
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Postoperative risk factors (Fig. 2c)

Postoperative lung infection Five studies [8, 20, 22, 33,
34] including a total of 989 patients reported the rela-
tionship between postoperative lung infection and
MCAT. The results of the heterogeneity test showed no
evidence of heterogeneity between the studies (I =
0%, P=0.45); therefore, the fixed effect model was
used for the analysis. A postoperative lung infection
was an independent risk factor for MCAT [OR =4.43,
95% CI (2.38, 8.22), P <0.00001].

Thymoma Five studies [20, 21, 28, 29, 32] provided data
on the relationship between thymoma and MCAT, in-
cluding 1390 patients. The results of the heterogeneity
test showed evidence of heterogeneity between studies
(I> =79%, P=0.0008). After the sensitivity analysis, the
study by Chu et al. [32] may have been the source of
heterogeneity, and the heterogeneity test was repeated
after excluding this study. No heterogeneity was ob-
served between the studies (I> =17%, P =0.30), which
were analysed using a fixed effect model. Thymoma was
an independent risk factor for MCAT [OR =2.96, 95%
CI (2.13, 4.13), P < 0.00001].

World Health Organization (WHO) classification
Two studies [17, 19] reported the relationship between
the postoperative thymic WHO classification and
MCAT. The results of the heterogeneity test did not re-
veal heterogeneity between the studies (I* =0%, P=
0.64), and thus the fixed effect model was used for the
meta-analysis. The risk of MC in patients with invasive
thymoma was 15.23 times greater than in patients with-
out thymoma and patients with noninvasive thymoma.
The postoperative WHO classification was an independ-
ent risk factor for MCAT [OR=15.23, 95% CI (4.63,
50.13), P < 0.00001].

Discussion

Main findings and interpretation of the results

The purpose of this meta-analysis is to provide evidence
for the predictors of MCAT. An understanding of the
risk factors for MCAT is helpful for doctors and patients
to coordinate the optimal postoperative management
strategy. Overall, 25 studies in our meta-analysis re-
ported risk factors for MCAT based on an analysis of
11,345 patients, and the incidence of MCAT complica-
tions was 17.48%. The results of the meta-analysis iden-
tified the following factors related to the condition of
patients before the operation as risk factors for MC: a
history of preoperative MG, preoperative bulbar symp-
toms, preoperative Osserman stages, preoperative dosage
of pyridostigmine bromide, preoperative serum acetyl-
choline receptor antibody (AchR-Ab) level (> 100 nm/L),
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preoperative lung function, major postoperative compli-
cations, and disease duration before thymectomy.
Surgery-related risk factors were blood loss > 1000 mL
and the mode of operation (thoracotomy). Postoperative
risk factors were postoperative lung infection, thymoma,
and the WHO classification.

A history of preoperative MG, preoperative bulbar
symptoms, preoperative Osserman stages, and preopera-
tive lung function were risk factors for postoperative MC,
consistent with the results reported by AKaishi et al. [37]
regarding the preoperative predictors of MCAT.

Preoperative Osserman stages reflect the severity of
MG symptoms; type I is limited to extraocular muscles,
type II and above include the involvement of other skel-
etal muscles, and patients with type IIb and above have
symptoms of medulla oblongata muscle involvement,
such as swallowing difficulty. Most of the studies [30,
32] reported that the preoperative Osserman stage was
an independent factor affecting the occurrence of
MCAT. Xue et al. [17] proposed that the WHO histo-
logical classification B2-B3 and Osserman stages Ila-IV
independently predicted preoperative risks of a post-
operative myasthenic crisis (POMC).

As shown in the study by Lucchi et al. [38], compared
with type (I +IIa), type (IIb + III + IV) had a worse prog-
nosis, which was related to the involvement of swallow-
ing muscles before the operation. The potential
explanations for the relationship between preoperative
Osserman stages and the prognosis are listed below.
First, type I and Ila symptoms are mainly concentrated
in the ocular muscles and affect limb muscle strength,
but do not involve the respiratory muscles. The symp-
toms associated with type IIb and above involve respira-
tory muscles, and patients with MG are prone to
dyspnoea. Second, patients with type IIb and greater
symptoms present with abnormal mastication and swal-
lowing functions, which can easily cause coughing and
choking while drinking water or the accumulation of sal-
iva that is unable to swallowed and mistakenly passes
into the airway, resulting in respiratory tract obstruction
and crisis.

A history of preoperative MC and bulbar symptoms
were identified as independent risk factors for develop-
ing POMC, which represented the severe status of MG.
Additionally, in patients with systemic MG, the disease
should be controlled to the greatest extent possible be-
fore the operation to reduce the preoperative stages,
which is helpful to reduce the incidence of MCAT and
modulate the long-term effect.

Few studies [7, 36] examined the correlation between
the preoperative AchR-Ab titre and MCAT. The result
of the meta-analysis showed that a high serum AchR-Ab
level (AchR-Ab level > 100 nm/L) was related to the oc-
currence of MCAT.
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The disease duration before thymectomy was an inde-
pendent factor affecting the occurrence of MCAT in the
present study. According to Leuzzi et al. [8], a symptom
duration of > 2 years independently predicted POMC. A
longer duration of MG was reported to contribute to the
risk of a postoperative MC [8, 39]. A long disease dur-
ation is generally related to a poor treatment response
[40], probably due to the cumulative damage at the
neuromuscular junction.

In contrast, some reports [7, 27] revealed a tendency
for a short disease duration to be related to the risk of a
postoperative MC. Kanai et al. [18] identified a disease
duration of <3 months as a risk factor for POMC. The
short course of the disease may reflect the rapid progres-
sion of MG or an insufficient response to treatment de-
signed to inhibit the activity of the disease. The specific
mechanism of MC and the course of the disease require
further analysis.

Few reports have analysed the effect of MG associated
with immune diseases on MCAT. Chen et al. [34] re-
ported that concomitant immune disease (hyperthyroid-
ism) was an important factor predicting the occurrence
of postoperative MC. For patients with MG complicated
with other autoimmune diseases, as indicated by a pre-
operative examination, close observation and early pre-
vention measures should be implemented after the
operation, which may reduce the possibility of postoper-
ative MC to a certain extent. However, due to the inclu-
sion of a limited number of cases, further studies are
needed to determine and verify whether other auto-
immune diseases are risk factors for long-term effects in
later stages.

Thymectomy in patients with MG is divided into trad-
itional thoracotomy and thoracoscopic surgery. Accord-
ing to our meta-analysis, thoracotomy was an
independent risk factor for MCAT. This factor may be
related to the trauma and bleeding associated with trad-
itional thoracotomy, which easily causes postoperative
pulmonary infection. Watanabe et al. [7] showed that in-
traoperative blood loss > 1000 mL was a prognostic fac-
tor for postoperative MC. The risk of MCAT in patients
with intraoperative blood loss >1000mL was 18.52
times greater than that in patients with an intraoperative
blood loss <1000 mL. The mechanism of intraoperative
blood loss > 1000 mL affecting postoperative myasthenia
crisis is unclear.

The dosage of pyridostigmine bromide before the op-
eration is an independent risk factor for MCAT. An
acetylcholinesterase inhibitor (AChEI) increases the
functional concentration of acetylcholine by blocking
acetylcholinesterase at the neuromuscular junction to
improve muscle contraction, strength and function. The
preoperative use of large doses of cholinesterase inhibi-
tors will activate muscarinic receptors, accelerate the
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destruction of postsynaptic acetylcholine receptors
(AChRs) at the neuromuscular junction, decrease the
ability of patients to cough up sputum due to postopera-
tive pain, cause excessive respiratory secretions after the
operation, increase the risk of respiratory tract infection,
and increase the risk of crisis.

The meta-analysis identified a postoperative pulmon-
ary infection as the main risk factor for MCAT in pa-
tients with MG. Pulmonary infection increases
respiratory secretions and reduces the area of the effect-
ive alveolar membrane, which leads to MCAT. However,
a postoperative infection does not indicate that the MC
lasts for a long time [41].

Pulmonary function tests directly evaluate the function
of respiratory muscles and reflect the compliance of re-
spiratory muscles. Prigent et al. [42] reported the thera-
peutic effect on ICU patients and the timing of
endotracheal intubation and extubation in MG patients
based on measurements of vital capacity (VC).

Preoperative pulmonary ventilation function plays an
important role in predicting MCAT. Pulmonary function
tests directly evaluate the function and reflect the com-
pliance of respiratory muscles. Weakness of these mus-
cles can be evaluated by the forced vital capacity (FVC),
and these measurements are useful to detect respiratory
muscle failure in MG [42]. As shown in the study by
Loach et al. [43], patients with MG presenting a pre-
operative VC > 2 L were less likely to experience a post-
operative crisis. Choi et al. [26] showed that the optimal
cut-off point of preoperative pulmonary function to de-
termine the risk of MCAT was 65% of the mean FVC
(mFVC)/peak FVC (pFVC), indicating that patients with
a significantly reduced mFVC/pFVC value may not be
candidates for thymectomy. Thymectomy is not suitable
for patients with MG presenting poor pulmonary func-
tion but may be considered after stabilization, and these
patients should be closely monitored during the postop-
erative period.

The relationship between thymoma and postoperative
crisis has been controversial [44, 45]. The meta-analysis
identified thymoma as an independent risk factor for
MCAT, and pathological types (invasive thymoma, B2-
B3) were independent risk factors for MCAT. A poten-
tial explanation for this finding is that invasive thymoma
is generally so invasive that it is difficult to remove dur-
ing the operation, and thus the tumour (particularly type
B thymoma) has a high probability of metastasis.

The meta-analysis did not identify the operation time
as an independent risk factor for MCAT. Nevertheless,
we are unable to exclude this variable as a potential risk
factor, as some studies [19, 27, 33] have reported a sig-
nificant association of the operation time with MCAT.
The results of this study exhibited substantial heterogen-
eity. Because the original data were unable to be
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obtained, a subgroup analysis was not conducted to ex-
plore the source of its heterogeneity.

Implications from this meta-analysis

Limitations

Our research has several limitations that should be ex-
plained. First, because the studies we included are retro-
spective cohort studies and retrospective case-control
studies and the related risk factors for MCAT are diverse
and complex, these factors are affected by selection bias
to some extent. Randomized controlled trials are difficult
to perform, and selection bias caused by researchers and
patients in clinical studies is inevitable. Second, some of
the included research samples are relatively small, which
once again indicates the need for further high-quality,
large cohort studies in the future. In addition, the defin-
ition of MCAT is not uniform, the follow-up time is not
consistent, and the outcome may thus be affected to
some extent. Finally, individual studies lack detailed
data, and consequently, no further subgroup analyses
were able to be conducted to explore the sources of
heterogeneity.

Conclusions

This study combines the most recent evidence of risk
factors for MCAT in patients with MG. The results of
this meta-analysis confirm that the pathogenesis of
MCAT is unclear and many risk factors for MCAT exist.
The independent risk factors for MCAT were a pre-
operative history of MC, preoperative bulbar symptoms,
preoperative MG Osserman stages, preoperative dosage
of pyridostigmine bromide, preoperative serum AchR-
Ab level (>100nm/L), lung function, major postopera-
tive complications, disease duration before thymectomy,
blood loss> 1000 mL, thoracotomy, postoperative lung
infection, thymoma, and WHO classification.
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